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WILLIAM J. CECKA, JR., 35, aero- 
nautical engineer, (Univ. of 
Minn. °43), was called from 
North American by the Air 
Force for experimental rocket 
work in 1944. On his return, 
he progressed rapidly: 1948, 
supervisory test job; 1950, 
group engineer, operations; 
1953 engineering group leader; 
1955, section chief of engineer- 
ing test. Using our refund 
plan, he has his M.Sc. in sight. 


conquest of space: 


LARGE 
ROCKET 
ENGINES 


GEORGE P. SUTTON, in the 13 bril- 
liant years since receiving his 
MSME, Cal Tech, has made 
rocketry a way of life. His 
reputation is world wide. His 
book Rocket Propulsion Ele- 
ments is recognized as the 
standard text on the subject. 
Still active academically, but 
no bookworm, he takes time off 
occasionally to study the laws 
of motion at some of the 
world’s better ski resorts. 


Tomorrow’s count down already fills the air at 
ROCKETDYNE’S 1,600-acre Field Test Laboratory in 
the Santa Susana Mountains near Los Angeles. 
For this is the free world’s largest workshop for 
rocket engineering — the great new industry that is 
now attracting many of the finest scientific and 
engineering minds in the country. 


EXACTING RESEARCH, EXCITING PROSPECTS 


From the rock-bedded test stands come 2 miles of 
recordings per day — data far ahead of available 
texts. The big rocket engine is a flying chemical 
factory in an absolute state of automation. It toler- 
ates no error. It demands ductwork, turbomachin- 
ery, pressure chambers, orifices, injectors, heat 
exchangers and closed-loop control systems that 
must put hundreds of pounds of precisely mixed 
propellants into controlled combustion every sec- 
ond. Tolerances go down to 0.0001”. Temperatures 
range from -250° F to 5000° F. Process time con- 
stants occur in “steady state conditions” of the 
order of a few milliseconds. Event sequences are 
minutely evaluated, as basis of designed perfor- 
mance predictions of extreme exactitude. 

The methods now being developed at 
ROCKETDYNE for producing effective power to the 
limits of mechanical stress will have wide applica- 
tion. Such experience is practically unobtainable 
anywhere else. As a graduate engineer, you may 
be able to participate — now. 

What motivates a rocket engineer? Well, the 
material advantages are high; but it is the work 
itself that draws him most. He feels the same incen- 
tive that moved Magellan ...spurred the Wright 
Brothers ...and beckoned again to Goddard as he 
flew the first liquid rocket at Auburn, Mass. in 1926. 

At ROCKETDYNE, you can do this kind of pioneer- 
ing in a management climate that stimulates per- 
sonal growth—and rewards it to the limits of your 
ability. Academically, too, you can grow with our 
financial aid; some of the nation’s finest univer- 
sities are close by. 


INTERESTING BOOKLET: “The Big Challenge” —facts on 
design criteria and development approaches used 
at RocKETDYNE. Write for your personal copy, 
specifying your degree and years of post-college 
experience. Address: A. W. Jamieson, Engineering 
Personnel Dept. MAR, 6633 Canoga Ave., 
Canoga Park, California. 


ROCKETDYNE #2 


A Division of North American Aviation, Inc. 
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editorial 





For the Orphaned ABMA 


--Independence! 


The most experienced ballistic missile research and 
development group in the world is hanging in the balance. 

By an extraordinary stroke of irony, Defense Secretary 
Wilson’s controversial memorandum on missile assignments has 
orphaned the Army Ballistic Missile Agency. 

If by any unlikely chance there is any doubt about the 
value of ABMA, let the record state that this is the group headed 
by the talented Wernher von Braun. Let the record show that 
ABMA is without peer in the world among research or military 
organizations in its experience in ballistic missile development. 

Now that Secretary Wilson has decreed that the Army 
should have nothing to do with long range ballistic missiles, 
what is to become of ABMA? 

The Navy well may provide the answer. In an exclusive 
interview in this issue of m/r, with Assistant Secretary of the 
Navy for Air, Garrison Norton, a gratifying statement occurs: 
The Navy hopes to make the fullest possible use of ABMA. This 
is in spite of the fact that the Army and the Navy now are going 
in separate directions for development of intermediate range 
ballistic missiles. 

We commend the Navy for its foresightedness. Although 
the technological requirement for a fleet ballistic missile is some- 
what different than for the Army’s long range ballistic missile, 
the fact remains that 1200-mile or 1500-mile range ballistic 
rockets must be based on one and the same design concept. 

We think the best solution to the ABMA problem, how- 
ever, would be to establish this talented group as a separate and 
independent national ballistic missile research agency, somewhat 
similar in scope to the highly successful National Advisory 
Committee for Aeronautics. 

Meanwhile, the furor over the Wilson memorandum is far 
from over. It is gaining momentum now that Congress has con- 
vened with a number of Senators and Congressmen insisting 
upon a full-scale review of the Wilson action. There will be a 
strong demand, based both on the Army’s proven record of 
achievement and on definitions of weapons in tomorrow’s world, 
that the Army be permitted the right to incorporate inter- 
mediate range ballistic missiles in its weapon arsenal. 

The immediate problem is to save the ABMA team whose 
morale is understandably at a very low point. At a time when 
our ballistic missile race is on in the world arena, it is tragic 
that ABMA is a victim (temporarily, at least) of inter-service 
competition and squabbles. 


WAYNE W. PARRISH. 
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New microcast Research Facilities will inc 


investment casting applications and give desig 


engineers greater latitude in planning parts. 
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methods and alloys available, and to allow greater freedom and} 
in part designing. 
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M/R’s cover shows Viking 13 
just before it was fired last 
month from Patrick AFB. The 
Navy research rocket plays an 
important part in the step-by- 
step approach to Project Van- 
guard and the artificial earth 
satellite that is to be placed in 
its orbit during the Interna- 
tional Geophysical Year. The 
white flare-out from the missile 
is oxygen bleeding off, signaling 
that the fuel tanks have been 
topped and that the missile is 
ready to go. 
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THE 

BIG 

PICTURE 

iN 
ELECTRONICS 


A rocket to the moon within 10 years—to Mars in 
25! This is the prediction of experts in the new field 
of astronautics. 

Right or wrong, we can tell you this: Within months, 
the first man-made earth satellite will be Martin- 
launched, and we’re already “running some numbers” 
on the first moon vehicle. 

The direction is up—and out—and Martin is pio- 
| neering the way. To the electronics engineer with 
vision, this means Ceiling Infinity. 

There are some challenging opportunities available. 
Contact J. M. Hollyday, Dept. MR-1, The Glenn L. 
Martin Company, Baltimore 3, Maryland. 
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when and where 


JANUARY 

Third National Symposium of Reliability 
and Quality Control in Electronics, 
sponsored by IRE, AIEE, RETMA, 
and ASQC, Wash., D. C., Jan. 14-15. 
SAE Annual Meeting and Engineering 
Display, Detroit, Mich., Jan. 14-18. 
American Society for Metals, Albuquer 
que and Los Alamos Chapters, “Heat 
Tolerant Metals for Aerodynamic 
Applications,” Albuquerque, N. M., 
Jan. 27-28. 

Symposium on Microwave Ferrite De- 
vices & Applications, sponsored by 
IRE, Engineering Societies Bldg., 
New York City, Jan. 28-29. 

Eighth Annual Plant Maintenance Show, 





Public Aud., Cleveland, Ohio, Jan. 
28-31. 

Institute of the Aeronautical Sciences’ 
25th annual meeting, Sheraton Astor 
Hotel, New York City, Jan. 28- 
Feb. 1. 

FEBRUARY 


Instrument Society of America, Aecronau- 
tical Div. of New York Section, mid- 
winter conference, Garden City, L. L, 
Feb. 7. 

Operations Research Symposium, 
University of Pa., Museum Lecture 
Hall, Phila., Pa., Feb. 7. 

AFA Jet Age Conference, Sheraton-Park 
Hotel, Wash., D. C., Feb. 14-15. 


| Conference on Transistor Circuits, spon- 


sored by IRE, AIEE, Phila., Pa., 


Feb. 14-15. 
Military-Industrial 


Joint Guided Missile 


Electronic Test Instrument Symopo- 
sium, Redstone Arsenal, Huntsville, 
Ala., Feb. 26-28. 


Western Joint Computer Conference, 
sponsored by IRE, AIEE and ACM, 
Hotel Statler, Los Angeles, Feb. 26 
28. 

MARCH 


Nat'l Conference on Aviation Education, 


Mayflower Hotel, Wash., D. C., Mar. 
7-9. 

Nuclear Congress and Int'l Exposition, 
Phila., Pa., Mar. 11-15. 


IAS Flight Propulsion Mtg. (classified), 
Cleveland, Ohio, Mar. 14-15. 

IRE National Convention, Waldorf As 
toria Hotel and New York Coliseum, 
New York City, Mar. 18-21. 

15ist National Meeting of the American 
Meteorological Society, University of 
Chicago, Mar. 19-21. 


American Society of Tool Engineers, 


Silver Anniversary annual meeting, 
Shamrock Hilton Hotel, Houston, 
Tex., Mar. 25-27. 


10th Western Metal Exposition & Con- 


gress, American Society for Metals 
and others, Ambassador Hotel and 
Pan-Pacific Auditorium, Los Angeles, 
Mar. 25-29. 

Educational Colloquium on _ Radiation 
Effects on Materials, sponsored by 
ONR and Glenn I Martin Co., 
Johns-Hopkins University, Baltimore, 
Md., Mar. 27-29. 

APRIL 


SAE Aeronautic Meeting and Production 
Forum, New York City, Apr. 2-5 
Spring meeting, American Rocket Society, 
Sheraton-Park Hotel, Wash., D. C., 

Apr. 3-6. 

British Radio and Electronic Component 
Show, Grosvenor House and Park 
Lane House, London, England, Apr 
8-11. 

IRE PGTRC National Symposium on 
Telemetering, Phila., Pa., Apr. 14-16 

and 
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“EARTH” one of a series of paintings of the planets by Simpson Middleman, painters 


who have been finding their subject matter in science To quote then arth is 
distinguished among the planets by its oceans of water and its single moon. From these 
as a starting point, Farth in this painting has been imagined as a conhguratios of 
intersecting planes—layer on layer of blue—until it becomes a transparent crystal, 
glowing in space."’ Painting courtesy John Heller Gallery, Inc. 


A world of opportunity awaits you at Boeing 


Engineering opportunities at Boeing fly high. Creative 
engineering talents find here a stimulating atmosphere, 
and projects that probe the unknown. In virtually 
every field associated with flight, Boeing engineers and 
scientists are discovering new paths to the future. 

There’s growing room in Boeing’s pioneering programs 


for additional engineers of all types, and for scientists 


and advanced mathematicians. If the myriad problems 
of supersonic flight, electronic guidance and related 
areas of exploration excite you, you'll find a sympa- 
thetic climate and stimulating minds to work and grow 
with at Boeing. 

Drop a note now to John C. Sanders, Staff Engineer-Person- 


nel, Boeing Airplane Company, Seattle 24, Washington, 
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letters 


Satellite Orbit 
Still Questioned 


To the editor: 





. . Thank you for publishing my 
letter, SATELLITE VS. EARTH ROTA- 
TION, p. 18, December 1956 issue Mis- 
SLE & ROCKETS, with the NRL comment. 
Rather than debate the question on theo- 
retical grounds, permit me to offer familiar 
empirical proof. 

If two boys position themselves 100 
feet apart on the parade ground at Pat- 
rick AFB (Cape Carnaveral, Florida) 
on a north-south line, and one throws a 
ball into the air toward the other, the 
ball will be (neglecting atmospheric fric- 
tion) in a free orbit just as will the 
satellite (although a very elliptical one 
which intersects the surface of the earth). 
If the earth “turns beneath it” while in 
orbit, the ball would promptly disappear 
to the west at some 900 miles per hour 
upon leaving the boy’s hand; if thrown 
so as to remain in the air for four sec- 
onds, it would fall to the ground one 
mile away! Obviously the ball—and the 
satellite—will retain the eastward motion 
which it had while resting on the surface, 
and into whatever orbit it is dispatched, 
will return to the same point on the sur- 
face of the earth from which it was 
launched, whatever motion this point has 
in space. In doing so, the plane of the 
orbits must rotate with the rotating earth. 

This argument appears to have been 
anticipated in only one public exposition 
of Vanguard motion: on page 495, 
April 1956 issue of NATIONAL GEO- 
GRAPHIC MAGAZINE the following 


statement is made: “Any object in the 
grip of the air follows earth’s rotation— 
approximately 1,000 miles per hour at 
the Equator. But a man-made satellite 
beyond the atmosphere, like the moon 
itself, will remain independent of earth’s 
spin.” If this idea that a satellite at 300 
miles altitude will behave differently than 
a “satellite” baseball at 50 feet because 
the latter is “in the grip of the atmos- 
phere” is taken seriously by anyone, let 
him disprove it by recreating the base- 
ball experiment in miniature without the 
presence of an atmosphere, i.e., with a 
lead pellet in an evacuated bell jar. I 
assure him that the pellet will not 
crash through the west side of the jar 
with the speed of a rifle bullet! 

Various secondary corrections have 
been prepared for the calculations as 
published in the latter part of my Decem- 
ber letter; a limited number of copies 
are available upon request... 

Charles C. Littell, Jr. 
Engineering Associates 
434 Patterson Rd. 
Dayton 9, Ohio 


Battery Output Discussion 
To the editor: 


. I have recently had an oppor- 
tunity to look through your December 
1956 issue of Missites & ROCKETs. 

Three citations taken from this is- 
sue illustrate the difficulty of getting cor- 
rect information these days. I refer to 
the figures given for energy outputs for 
dry cells in connection with missile 
operations. On page 82 Dr. S. Fred 
Singer includes tabular material which 
shows dry cells as giving out 14 watt 
hours per pound. Turning now to page 
103, Mr. Henry P. Steier gives a figure 
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of 50 watt hours per pound for dry cells. 
Finally, in his article on a case for re- 
liable missile batteries, Joseph S. Mur- 
phy cites figures on page 112 which 
give four watt hours per pound for com- 
mon dry cells. Obviously, there must be 
additional factors in all these cases which 
are not reflected in the text material. 
While I do not expect that you have 
answers to this question immediately, 
it might be worth a small amount of 
research to clarify the matter... 


J. W. Joyce 
6641 32nd Street, N. W. 
Washington 15, D. C. 


P. R. Mallory & Co., large producer 
of batteries, points out rate of discharge 
should be part of statements on battery 
power per unit of weight. The company 
says 40-50 watt-hours/lb at 20 hour rate 
is correct for mercuric oxide batteries. 
For zinc-carbon batteries figure could run 
down to 4 watt-hours/lb at high dis- 
charge rate. Editor Steier was referring 


to mercury cells. Editor Murphy gave 
figures related to “missile discharge 
rates.” ed. 
More Talk About m/r 


To the editor: 


. Your office must be perpet- 
ually flooded with complimentary letters 
these days, if only a small fraction of 
your readers write to tell you that they 
think, as I do, that your publication is 
most literally tops. Again, my heartiest 
congratulations. The December issue of 
MissiLes & ROCKETs arrived this morning 
and I have heard more talk about it 
among our _ scientists, engineers and 
technicians than about any of the many 


other magazines our people read 
Bliss K. Thorne 
Public Relations Director 


Avco Research and Advanced 
Development Division 

20 South Union Street 

Lawrence, Massachusetts 


Another Contractor 
For Mighty Mouse 


To the editor: 


We were — much interested 
to read the article “U.S. Aircraft Rock- 
ets—How Good?” on pages 13-14-15 of 
your November issue, regarding the 2.75 
Mighty Mouse Rocket. 

However, on page 14, we were some- 
what disturbed to read the information 
“the only three principal contractors 
slated to remain in the program accord- 
ing to the Navy are Aerojet-General 
Corp., Azusa, California; Hunter Douglas 
Aluminum Co., Riverside, California; 
Heintz Manufacturing Co., Philadelphia.” 

The Colson Corporation received the 
only contract which was awarded in No- 
vember 1955 for “the rocket motor and 
ingenious folding fin assembly.” This was 
for production in early 1956 which was 
not completed until early fall. Aerojet 
General Corporation received a contract, 
I believe in August 1956, for production 
in 1957. 

A contract has just been awarded 
to the Colson Corporation for production 
of rocket motor assembly for 1957... 

J. M. Spoosrer 

Director of Marketing 

The Colson Corporation 
Elyria, Ohio 
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From MOOG... Advanced Electro-Hydraulic 


Servo Components 


Moog is the industry’s leading producer of 
electro-hydraulic servo valves. This leadership 
has been achieved by advanced valve design 
resulting in high performance, high quality, reli- 
ability and efficient manufacture. The same 
creative approach applied to industry’s newer 





SERVO VALVE 


DUAL INPUT SERVO VALVE 


problems has resulted in the introduction of 
Moog Dual Input and Servo Actuator units. 

These recent achievements in the creation of 
advanced custom designed electro-hydraulic 
servo components are evidence of Moog’s con- 
tinuing progress. 


SERVO ACTUATOR UNIT 


@ These proportional “dry 
motor” electro-hydraulic servo 
valves feature high dynamic 
response, sensitivity, linearity 
and reliability. Light-weight 
and compact, they are also 
available in custom designed 
versions for special or ad- 
vanced applications. 


@ This new component 
provides for positioning 
of aircraft control surfaces 
by summing mechanical 
and electrical inputs with- 
out external use of me- 
chanical linkages. Use of 
an entirely new concept 
offers improved perform- 
ance, system simplifica- | 
tion and saving of space | 
and weight. 





@ Custom designed integrated 
assemblies include actuating 
cylinder, electro-hydraulic 
servo valve and 
feedback sens- 
ing device. In 
a closed loop, 
actuator dis- 
placement is a 
function of in- 
put signal. 





TO THE ENGINEER IN A “HURRY" 


Axiomatically, to get somewhere in a hurry, you get aboard 
something that moves pretty fast. 

If your “somewhere” is a career in engineering, consider Moog. 
From three founders to five hundred employees within five years, 
we are today the industry’s leading manufacturer of advanced 
electro-hydraulic servo components. Our engineers made this 
possible by continuous pioneering of the new and successful 
developments in the field. As our rapid expansion continues, we 
have many openings at all levels for qualified personnel. 

Best time to get aboard is now. 





MOOG VALVE CO., INC. PRONER AIRPORT, EAST AURORA, NEW YORK 


Research Laboratory, Paramus, New Jersey 
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Break-up in Army-Navy Jupiter Program 


Polaris Fleet Ballistic Missile Project Started: 


Nuelear Missile Submarines Part of Program 


By Erik Bergaust 


The world’s newest and most sophisticated underwater vessels are being 
planned by top Navy officials in the Pentagon. Needless to say, these submarines 
are nuclear-powered guided missile carriers. And they will be built to launch the 
solid-propellant, high-punch, intermediate-range Polaris Fleet Ballistic Missile. 

The submarines—possibly two prototypes on order at first—are part of the 
Polaris project, which has just been confirmed to m/r by Assistant Secretary of 
the Navy for Air, Garrison Norton (see page 43). 

Possibly the biggest missile and most complex weapons system the Navy 
has ever attempted, the Polaris will be a high-energy solid-propellant stubby 40- 
50-foot missile approximately 100 inches in diameter. Range is believed to be bet- 
ter than 800 miles. The atomic warhead in the Polaris will be quite sizeable, 1,000 
pounds might be a fair guess. Most interesting fact about the Polaris, however, is 
that it will be a jelly- or solid-propellant rocket designed to be launched from 
submerged submarines as well as from surface vessels or surface installations. 


Both liquid and solid-propellant 
rockets can be fired from underwater. 
But handling of liquid propellants at 
sea (or land, for that matter) involves 
several hazards that the Navy doesn’t 
care for too much. And in view of re- 
cent progress in the field of high-en- 
ergy solid propellants the Navy has 
pulled away from the joint Army/ 
Navy Jupiter program and set out to 
develop its own  intermediate-range 
guided rocket. 

The Army’s remarkable ballistic 
rocket team under the direction of Dr. 
Wernher von Braun is understood to 
have helped the Navy create this fabu- 
lous weapon. As a matter of fact, 
members of this team built under- 
water solid rockets 13 years ago. They 
mounted a launching rack holding six 
solid-propellant rockets on the deck of 
a submarine. From as deep as 100 
feet the stubby Borsig rockets zoomed 
to the surface at an angle of 45 de- 
grees and then streaked aloft into the 
blue skies over Peenemunde. The Ger- 
man Admiralty turned the weapons sys- 
tem down—because it was developed for 


them by a competing service—the Army. 


Nevertheless, the technical reports 
on underwater-launched missiles have 
been available in this country ever 
since Dr. Wernher von Braun and his 
missile team came to the United 
States. Not until recently, however, did 
our own Navy realize the potentials 
that this principle offers. 

Liquid-propellant sub missiles also 
have been studied in recent years. Such 
missiles must be placed inside a con- 
tainer or watertight shell. 


Once the vehicle pops out of the 
water, the outer shell or container will 
throw away the nose cone, and the 
actual missile will roar aloft without 
having been in touch with water, and 
leaving the container behind. Because 
of the buoyancy the missile might as- 
cend in a straight line to the surface 
and take off vertically. 

Fueling of a liquid propellant sub- 
marine missile must take place at dock- 
side before the sub sets out on its mis- 
sion, and the art of keeping liquid fuel 
vaporization at a minimum—and keep- 
ing liquid oxygen at the required 
minus 297 degrees Fahrenheit—is 
tricky, indeed. Secondly, the under- 
water missile container adds to the 
complexity of the system. 

While our liquid-propellant rock- 
ets are more efficient than solid units 
—pound for pound, and sizewise, the 
solid-propellant underwater rocket has 
many advantages. 

The solid rocket doesn’t require 
the outer shell or container. It doesn’t 
require the propellant insulation gear, 
nor any additional booster or torpedo- 
type powerplant. Pressurization re- 
quirement is insignificant. 








Russia Has Polaris-type Rockets 


Russia is understood to have developed solid-propellant 650-mile 
rockets already. These missiles can be launched from submarines; they can also 
be fired from land installations. Reports say these rockets already make up part 
of the Russian military set-up in Europe. Alfred J. Zaehringer, m/r Propulsion 
Editor, and recognized solid-propellant expert, says the Russians have ad- 
vanced rapidly in the field of Powder rockets, as a matter of fact, Zaehringer 
says, Russia has put more emphasis on solid rather than on liquid propellants. 
This means Russian ballistic rockets are larger in size—and possibly clumsy 
to handle—but their fire power and efficiency must not be underestimated. A 
round-up on Russian rocketry, including their efforts in the field of solids, will 
be presented in the February issue of m/r. 
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tainer. Both solid and liquid rockets could be launched this way, but . . . 


Furthermore, because of the water 
resistance, a missile moves rather 
slowly under water. It burns only a 
small amount of propellants before 
popping out of the sea; the water back 
pressure on the combustion holds the 
burning back. 

So the Navy picked the solid- 
propellant version. And, of course, this 
missile may be launched from surface 
vessels as well; from cruisers, battle- 
ships and carriers, and from any beach 
head. The range, however, will prob- 
ably be considerably less than if liquid 
propellants were employed. 

Missiles Systems Division of Lock- 
heed Aircraft Corporation is to build 
the Polaris. Aerojet-General Corporation 
will be responsible for the propulsion 
system, and General Electric and Massa- 
chusetts Institute of Technology will be 
in charge of guidance and fire control. 
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. storage problem probably will determine launching technique to be employed. Polaris 


The submarines must necessarily 
be large, and since the advantage of 
this weapons system lies in the fact 
that the ships may hide off an enemy’s 
coast for months, they are to be fitted 
with nuclear powerplants. The first 
atomic powered Polaris sub probably 
will slide down the ways in 1961-2. 
A whole fleet of them could be avail- 
able by 1965. It is understood that the 
Polaris subs will employ the Albacore 
fast hull, giving the vessels a speed of 
about 50 knots underwater. 


Unofficial reports from Russia 
have hinted that the Soviets have de- 
veloped their submarine missiles to the 
point where the 600-unit Red sub- 
marine fleet now is in position to 
launch deadly underwater missiles over 
distances of 650 miles or more from 
submerged positions and close to 1,500 
miles from surface positions. 





sub-carrier supposedly will be blimp-shaped like the U.S.S. Albacore. 
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Scientists Discuss 
Mars Observation 


Extensive astronomical observa- 
tions of Mars during its close approach 
late last summer and early fall formed 
the basis for a recent symposium held 
jointly by the American Astronomical 
Society and the American Association 
for the Advancement of Science in New 
York City. Conferees pointed out much 
work still had to be done before a full 
assessment of the close approach of 
Mars could be made. The international 
Mars committee, with headquarters at 
Lowell Observatory, Flagstaff, Arizona, 
coordinated the various phases of the 
close approach. Participants promised 
that reports on the occasion would be 
forthcoming. 

Chairman of the symposium was 
Fred L. Whipple, Director of the Har- 
vard Observatory. Participants included 
G. P. Kuiper of McDonald Observa- 
tory, Seth B. Nickolson (speaking for 
R. S. Richardson) of Palomar-Mt. Wil- 
son Observatories, S. L. Hess of Flor- 
ida State University and Lowell Ob- 
servatory, C. C. Kiess of the US. 
Bureau of Standards, and C. H. Meyer 
of the Naval Research Laboratory. In 
addition to the papers presented at the 
symposium, two other Mars reports 
were given during the four-day AAS 
session, one by W. N. Sinton of Har- 
vard Observatory on “A Spectroscopic 
Search for Vegetation on Mars,” and 
one by S. L. Hess entitled “Blue Haze 
and the Vertical Structure of the Mar- 
tian Atmosphere.” 


The color of Mars drew some at- 
tention during the symposium. Polar- 
caps are probably almost pure white, 
with perhaps a faint tinge of ivory. In- 
vestigation of the color of the desert 
areas have been made. Dark ochre to 
red yellow are characteristically re- 
ported when the planet is submerged 
into red light, but large contrasts are 
common. Possible tie-ins between the 
characteristics of the atmosphere and 
surface colorings were mentioned. Dr. 
Kuiper, for example, suggested that the 
“canals” may be streaks, caused by vary- 
ing albedos. 

The possibility that the dark areas 
are essentially lava fields, perhaps par- 
tially covered with some sort of vegeta- 
tion, was introduced. 

Periodic color changes might be 
caused by dust settling on these fields, 
only to be subsequently blown away. 
Dr. Kuiper’s studies also covered the 
oblateness of Mars, tidal friction effects 
on Phobos (one of its moons) and infra- 
red investigations. 
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Engineers Seeking — 


continued 
professional 
development... 


This is McDonnell’s partially completed “Engineering 
Campus”, where engineers will find an ideal atmosphere 
for their continued professional development. 

But these ultra-modern, completely equipped 
engineering facilities are only part of the picture. 


We have a well planned, organized program for 
improving the professional status of each member of 
our engineering staff. This program includes counseling 
by a special staff of Career Analysts, and advanced 
engineering training in our complete in-plant training 
program or at one of our two local universities. 


How about your own “professional development”? 
Engineers of all types are invited to investigate 
employment opportunities at MAC by writing: 





RAYMOND F.KALETTA 
Technical Placement Supervisor 


P.O. Box 516 « St. Louis 3, Mo. 











MACareers Are Successful Careers 
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US Air Force To Begin ICBM Training 


Air Force will introduce long-range 
ballistic missile capability into the stra- 
tegic Air Command Iate in fiscal 1958, 
according to present plans. While the 
plans do not encompass actual opera- 
tional wings, they do provide for ac- 
quisition of sufficient hardware on which 
to start an intensive training program. 
First construction on ICBM batteries 
may also take place. 

Under the present timetable, ICBM 
missile wings will be integrated into SAC 
within the next five years. Fiscal 1958 
training on hardware will be carried out 
at Western Development Command's 
newly acquired Camp Cooke, Calif., site, 
as well as at SAC itself. Personnel will 
be indoctrinated on components, assem- 
bly, parts identification, fueling, etc. 

The missile wings will be similar in 
composition to the heavy SAC bomber 
wings. First missile wings will not, it 
has been strongly asserted, replace the 
bombers. They will initially be used as an 
adjunct in a program to determine where 
missiles properly fit in the SAC mission 
picture. It is now estimated that missile 
wings probably will have to be manned 
by more than the 3,000 personnel now 
attached to heavy bomber wings. 

Missile battery sites will be located 
according to a dispersal plan but in prox- 
imity to SAC bases, which will provide 
necessary support. 

The plan ties in closely with up- 
coming considerations on the Defense 
Budget. In budget research and devel- 
opment requests both President Eisen- 
hower and Defense Secretary Wilson 
have put an untouchable priority on 
ICBM Titan and Atlas projects. Other 
projects have been robbed to fulfill the 
order, including Navaho. 

Reliable sources have revealed that 
the ICBM is now close to the same 
time schedule as the older Navaho 
project. Navaho, however, which boasts 
a more accurate guidance system, will 
be kept in tact. AF is not overlooking 
the possibility that bugs may develop in 
ICBM testing and that Navaho will then 
become more attractive. 

But as the budget now stands, 
pessimism prevails as to Navaho’s pro- 
duction future. AF will go down fight- 
ing, however, to preserve its status and 
retain it as a research missile if it can- 
not get a big enough budget to support 
both. 

Maximum effort will be directed in 
the coming months to pulling the ICBM 
programs forward to the point of pro- 
duction for training. One top official 
noted: “We won't see missiles standing 
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on gantries in fiscal 1958, but we will 
need some for training to establish 
count-down procedures and so forth.” 

The admittedly optimistic time- 
schedule is felt to be mandatory to get 
the missile capability out of the talking 
stage. 

The Convair Ailas was recently 
described by the British magazine 
Flight as a vehicle standing about 100 
feet in height and weighing about 90,- 
000 ibs., presumably empty. The peri- 
odical described the Atlas as a single- 
stage missile employing a liquid-pro- 
pellant sustainer motor of 135,000 Ibs. 
thrust plus two booster motors of 
100,000 Ibs. thrust each mounted in 
jettisonable nacelles at the base of the 


rocket. It is further understood that 
the Atlas prototype is now being as- 
sembled at Patrick AFB, Fla., for fir- 
ing sometime this year. 

While the Navaho can carry a 
heavier warhead than its ballistic com- 
petitors, this feature is no longer of 
much significance in view of the appal- 
ling energy yield of modern thermonu- 
clear explosives. But it does have the ad- 
vantage of greater accuracy in guidance 
since it theoretically can be controlled 
all the way to target. For this reason, 
the AF believes it has a place in the 
combat inventory alongside ICBM— 
provided sufficient funds are available, 
but economy will dictate the final so- 
lution. 





the age of tomorrow is here today. 


anytime in the near future 








In the Age of Missiles and Rockets 


It may be Delphic that a national toy catalogue lists bows and arrows 
immediately after atomic submarines, electronic ray guns and Inter-Conti- 
nental Missiles. But be that as it may, in the toyland world of children, 


Almost every electronic, supersonic and remote controlled vehicle 
the adult world strives to perfect was already operational under the Christ- 
mas tree the night St. Nicholas was last abroad. And all had a singular ad- 
vantage over their grown-up counterparts: They are not lethal. 

Sales of radar rocket cannon, air pressure propelled rockets, space 
ships, guided missile bases and the like have grown to a $10 million busi- 
ness, up 100% in the last year, according to the Toy Manufacturers of the 
U.S.A., Inc. And there's no sign that the trend is about to reverse itself 





One day these children who now play at space flight may well participate in the 
real thing, the beginning of the exploration of outer space. 
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Wilson’s Missile 











As m/r went to press, no decision 
had yet been reached on how to follow 
up Defense Secretary C. E. Wilson’s 
November Memorandum on roles and 
missions. This was particularly true 
where missiles were concerned. Very 
much up in the air, for example, was 
the future—if any—of the Army Ballis- 
tic Missile Agency. 

But some things were clear: 

Air Force’s first-choice solution 
was to take over ABMA lock, stock 
and barrel and transfer it bodily to the 
AF. Barring that, AF may want the heart 
of ABMA—the Wernher von Braun 
team—broken up, with its experts filter- 
ing off into industry, preferably to firms 
with AF ballistics missile contracts. 

As for the Army, parts of it any- 
how seemed ready for a fight: At stake 
was one of the world’s most proved 
ballistic missile research and develop- 
ment groups and a 1650-mile Inter- 
mediate Range Ballistic Missile, Jupiter, 
which Army figured it had every 
tactical and strategic reason for using 
at will in combat. 

The Navy, in its quiet, sophisti- 











cated way, had won the biggest victory 
of all. The sea-going service was no 
longer a junior partner in somebody 


. 
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Program Far From Settled 


By Seabrook Hull 


else’s IRBM program, but instead had 
Wilson’s official go ahead to develop 
its own Fleet Ballistic Missile, Polaris. 
Moreover, once it was working, the 
Navy had assurance it would be able 
to use it operationally. 

Interservice politics seemed to 
be playing a bigger role in the Army- 
Air Force squabble than basic con- 
siderations of national security. For 
that reason Congress—determined to 
find out what all the fuss is about- 

would probably have the biggest say 
in the final outcome. 

The basic ruckus seems to date 
clearly from the 1947 Key West roles 
and missions directive that gave the 
newly-formed U.S. Air Force sole re- 
sponsibility for the strategic delivery of 
nuclear weapons. It was then that AF 
and Navy slugged it out in the head- 
lines, the latter determined to discredit 
the B-36 superbomber and the former 
bent on sinking the supercarriers. 

After a lot of noise and foolish 
talk, this squabble was “compromised” 
by allowing both services to keep their 
“sitting ducks.” It is interesting to note, 
however, that then, as now, it was the 
AF that hit first. 

This is all history, and defining the 
generalities of the course and conclu- 








This test stand at ABMA's Redstone Arsenal, Huntsville, Ala., is capable of conducting two 
full-scale JUPITER test runs simultaneously. For an idea of the scale, note the man and 
truck at lower left. The missile in place is a REDSTONE. 
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sion of events a decade back is a rela- 
tively simple matter. 

However, sorting out a Pentagon 
fight that’s only beginning and on which 
Wilson has clamped the tightest censor- 
ship is not so easy. Honest convictions 
abound. So do “facts”. But rationalizing 
these “facts” and convictions into truth 
and good judgement is something else 
again. Top Army echelons, for example, 
seemed inclined to do just as the boss—- 
Wilson—directs. 

Sorting this one out to the inter- 
ests of the country will take the trained 
politician’s intuitive knowledge of, and 
long experience with people. That’s a 
proper job for Congress. 


Facts and Appearances 


Meanwhile, the honest reporter's 
task is to report the few real facts that 
finally came to light and what various 
situations appear to be, after the best 
possible job of reporting. After check- 
ing top officials of Army, Navy, Air 
Force and Defense, these are the facts 
and appearances: 

The first thing to make clear is 
that Wilson issued his now-famous No- 
vember memorandum without having 
first decided even in general terms how 
the directive was to be carried out. 
Towards this end, repeated studies, 
meetings and investigations are now be- 
ing undertaken. Additionally, plans had 
already been made to conduct an objec- 
tive, “non-partisan” comparative analy- 
sis of the Army Jupiter and the AF 
Thor—the two IRBM principles of the 
current dispute. 

The makings of this particular in- 
terservice fight date from the fall of 
1955 when both the AF and Army 
were given official IRBM go-ahead. 
Army set up ABMA and put Jupiter 
development under Wernher von Braun. 
With the famous German V-2 devel- 
oper were some 130 former German 
missile experts. In partnership with 
ABMA was Jet Propulsion Laboratories, 
of California Institute of Technology. 
AF contracted out Thor development to 
Douglas Aircraft Co., Bell Telephone 
Laboratories and the AC Sparkplug 
division of General Motors. 

Both were announced as IRBM 
projects. Like the Intercontinental Bal- 
listics Missile (ICBM), they posed un- 
precedented challenges to science and 
industry. Not the least of these was the 
requirement for very accurate guidance. 


Considering information released 
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Career opportunities are open to creative 


engineers and designers. Send resumé to: 


...and a star 


to steer her by.” 





New Directional Accuracy 
for Automatic 
Navigation Systems 





To give exact directional alignment to an 
automatic navigation system, the P-E Automatic 
Azimuth Alignment Monitoring Theodolite 
takes a “fix” on a navigational star and transfers 
the resulting angular data to the controlling 
mechanism. The accuracy of this astral bench 
mark to a great extent determines subsequent 
directional accuracy. So precise is this instrument 
that it makes possible automatic alignment of 
the system to within a few seconds of arc under 
day or night conditions. 


Where extremely fine angular data must be 
established, the P-E Azimuth Theodolite offers 
a level of performance never previously available. 
Accuracy, as indicated by a “no correction” 
output of the monitored equipment, is +2 
seconds of arc. Standard production models are 
available with working distances from 1 to 1500 
feet. For further information on the Azimuth 
Theodolite, write to — 


ENGINEERING AND OPTICAL DIVISION 


Perkin-Elmer Gyo 


NORWALK, CONNECTICUT 
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VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
ADMINISTRATIVE and ENGINEERING CENTER 
DEPARTMENT 1470 + DETROIT 32, MICH. 


Application Engineering and Service Offices: El Segundo, California, 
2160 E. imperial Highway « Detroit 32, Michigan, 1400 Oakman 
Bivd. (Service Only) + Arlington, Texas, P. O. Box 213 + Wash- 
ington 5, D.C., 624-7, Wyatt Bldg. * Additional Service facilities at: 
Miami Springs, Florida, 641 De Soto Drive 
TELEGRAMS: Vickers WUX Detroit + TELETYPE “ROY” 1149 
CABLE: Videt 
OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., Lid. — 
Great West Road, Brentford, Middx., England 


Engineers and Builders of Oil Hydraulic Equipment 
Since 1921 













This Hydraulic 
Pump has 4.3 hp 
output | 3000 psi 
and 12,000 rpm. 
Weight 0.9 Ib. 













%, 


A large expansion program now in its early stages means large opportunities for additional engineers at Vickers. Write for informatior 
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PISTON TYPE 
HYDRAULIC PUMPS 


3000 psi...CONSTANT DISPLACEMENT 


These new miniaturized hydraulic pumps were developed by 
Vickers for limited life applications such as missile and ram air 
turbine driven hydraulic systems . . . also for motorpump assemblies 


supplying emergency power on aircraft. i 


A distinctive feature is adaptability to manifolding and special 
mounting. This permits integration with the balance of a “packaged” 
hydraulic system to provide hydraulic power in the most compact and 
lightweight form yet devised. Some sizes are capable of delivering 
more than five horsepower per pound of weight. 


Available in four size series, this miniaturized pump has the same 
basic characteristics as the standard Vickers piston type pump 
which has been establishing outstanding performance records on 
aircraft since 1940. Ask nearest Vickers Aircraft Application 
Engineer for further information. 
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so far on the destruction radius of nu- 
clear warheads from ground zero, this 
would probably mean coming within a 
mile or two of a target 1500 miles 
away, or a guidance accuracy of well 
under 1%. Both must be able to carry 
thermo-nuclear warheads. And with it 
all, an over-riding sense of urgency, for 
there could be no doubt that Russian 
ballistic missiles got maximum effort. 

Trouble brewed beneath the sur- 
face almost from the beginning. AF 
considered the IRBM a Tactical Air 
weapon and saw Jupiter in the hands 
of the Army as a threat to AF roles 
and missions. Army argued that with 
advances made in high-speed land mo- 
bility, the missile extension of artillery 
range to 1500 miles was not only 
logical but vital to a field commander in 
planning and covering day-to-day troop 
movements. Both services figured then, 
and still do, that much of their future 
importance in the missile age depended 
on developing and being able to use 
their own IRBM weapons. 

Furthermore, except for the Navy 
with its special problems, AF _ insists 
that it have exclusive IRBM_ opera- 
tional responsibility; that Army not be 
allowed to use anything over 200 miles. 
Navy, perhaps as part of its campaign 
to win the right to independent IRBM 
development, supports the AF stand. 

Other facts undoubtedly contribute 
to the situation, such as the traditional 
jealousy between government and pri- 
vate industry in the field of develop- 
ment. Jupiter is primarily the product 
of a government team. Thor develop- 
ment, on the other hand, though paid 
for by AF, is the job primarily of pri- 
vate industry. 

In the bitterness and rancor that’s 
boiling up, you hear other comments too 
—that Wilson’s General Motors back- 
ground may have influenced his de- 
cision against the Army. Chrysler, who 
now manufactures the 300-mile Red- 
stone, has long been thought to be the 
logical Jupiter contractor, whereas GM, 
through AC Sparkplug, has a very im- 
portant Thor contract. A few scattered 
people will even tell you that the num- 
ber of Germans on the Jupiter team 
prejudice the Army’s position. 

Meanwhile, both the Army and 
AF programs have made unexpected, 
rapid progress. Both the Thor and 
Jupiter missiles are scheduled to make 
their first test flights within the next 
few weeks. Thor appears to be at Patrick 
AFB already. Jupiter's reported to be 
en route. Once first prototypes have 
been fired, the normal procedure is to 
follow up with a number of test launch- 
ings. Then the real job of evaluating 
the two missiles really begins. 

There are persistent reports around 
the rambling halls of the Pentagon that 
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some top AF civilians as well as De- 
fense Department missile czar E. V. 
Murphree have already conceded pri- 
vately that Jupiter has the edge, par- 
ticularly in the all-important field of 
inertial guidance. 

Thus, not only was the AF threat- 
ened with having an unwelcome help- 
mate in what it considers its exclusive 
responsibility — TACAIR — but insult 
was to be added to injury by having 
that partner better equipped. Sugges- 
tions have been made at high levels that 
Thor should be dropped, but they do 
not appear to have gotten very far. 
There’s every indication instead that, 
unless Congress steps in, the best of 
Jupiter will be lifted for the Thor and 
the former dropped. An Army sug- 
gestion is that, considering the impor- 
tance of “getting there firstest with the 
mostest,” development on both missiles 
should continue full tilt. 

ICBM Duplication 

An AF answer to this view is that 
the country cannot afford the expense 
in money and manpower of two dupli- 
cate IRBM projects. AF appears to feel 
that it waters down possible maximum 
effort on other high priority projects. 
The question may be raised: What 
about the AF’s two ICBM projects? 

Though the Navy reports excellent 
technical liaison with ABMA during the 
life of their joint venture, there's little 
doubt that Navy’s glad to be out on its 
own—free of the liquid propelled Ju- 
piter with all its unpleasant shipboard 
handling problems, and able to concen- 
trate 100% on the solid rocket Polaris. 
Navy's also grateful, however, for hav- 
ing had ABMA help in getting Polaris 
off to a flying start. 

The puzzling thing about Wil- 
son’s November memorandum remains 
that it was promulgated and released to 
the public without any clear idea of 
what to do next. 

The assumption appears to have 
been in both the Air Force and Wil- 
son’s shop that this directive would be 
accepted as a matter of course; that 
neither private dispute nor public de- 
bate would ensue. This would seem to 
indicate not only a critical lack of 
awareness of the specific situation but 
of human psychology as well. For the 
Army reaction at the working level has 
not been placid acceptance. It’s doubt- 
ful if tempers will be held in check dur- 
ing the hearings on Capitol Hill. 

Most rancorous will be the restric- 
tions reportedly imposed by Wilson on 
the imparting of full views and infor- 
mation. It is a characteristic of the 
Defense Secretary that he likes his de- 
partment to present a composed, solid 
front to both the Congress and the gen- 
eral public. It’s liable, however, to be 
quite a raucous show before it’s over, 
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one that may ultimately show sharp 
splits even within the Army itself. 

Though nothing has been specific- 
ally decided, AF fully intends to get 
Wilson’s approval and Congressional 
appropriations for taking over ABMA 
intact. If it can’t do that, according to 
a top AF spokesman, “It will be better 
for the country if the ABMA team 
were broken up and the individuals fil- 
tered out into industry and other organ- 
izations.” This view seems to ignore the 
fact that individual talent and ability is 
only one aspect of ABMA’s success. 
The other, every bit as vital, is the 
ability of these men to work together. 

Meanwhile, Army isn't giving up 
without a fight. The first battle will be 
to try to keep Jupiter development in 
the Army budget for at least another 
year. The Defense Department appar- 
ently has already decided against this. 
But the odds are that Congress will 
prevail upon Pentagon authorities to 
change their mind, or at least defer 
action until the fiscal 1959 budget is 
debated 12 months hence. 

Army will also put up strong argu- 
ments for being given roles and mis- 
sions responsibility for using IRBM’s. 
This field, however, is one the legis- 
lators tend to shy away from, figuring 
that the determination of roles and mis- 
sions is indeed the responsibility of the 
executive branch of government. 

The case for retaining the ABMA- 
JPL team as an active ballistic missile 
development organization will be based 
on performance to date—namely a 
whole family of operational ballistic 
missiles with useful ranges from eight 
to 300 miles. They will cite Jupiter-C 
performance and the fact that Redstone 
Arsenal at Huntsville, Ala, has the 
know-how and the basic hardware for 
launching an earth satellite into an orbit. 

An obvious question will be: Is it 
good business to just throw up the some 
$200 million that's already been spent 
on Jupiter development? In this con- 
nection Congress will be bound to ask 
just why the Defense Department first 
said “go ahead” and then a scant two 
years later said “stop”. 

On the face of it, no matter what 
the best decision on roles and missions 
might be for the country, the proof of 
ABMA-JPL performance is something 
that is neither easily discredited nor 
readily ignored. Leaving interservice 
politics, roles and missions differences 
and possible budget limitations out of 
it entirely, it may well be that Congress 
will see merit to the proposal m/r of- 
fers in this issue—that ABMA be estab- 
lished as an entirely separate agency, 
like NACA, free to continue its re- 
search unfettered by service rivalries. 
After all, the vital thing is to preserve 
our weapons superiority over Russia. 
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The first successful application of a moving pick-off head to a new, medium speed digital 

computer has been reported by engineers of Northrop Aircraft, Inc. With the device it is 

ssible to record or read on 64 magnetic memory drum channels using only two pick-off 

4 While the drum revolves at 1,800 rpm, the moving heads make one full up-down cycle 

every two seconds. Previously, 64 separated heads, one for each channel, were required, 

resulting in greater weight and complexity. Pick-off hid circuitry requirements, for example, 
have been reduced by over 95°/, by Northrop's new development. 





$8 Million Computer to Aid Missile Test 


Rapid reduction of flight test data 
using a powerful new computation fa- 
cility is expected to permit one test mis- 
sile to do the work of many during de- 
velopment programs. 

A General Electric Co. Missile 
and Ordnance Systems Department en- 
gineer, A. W. Robinson, disclosed plans 
for the new facility in a talk before the 
International Congress on Rockets and 
Guided Missiles held in Paris, France 
last month. 


Known as a “real time” closed- 
loop analysis system, two high speed 
“Univac” computers comprise part of 
the system. The computers will be in- 
stalled by the USAF at Holloman AF 
Base in 1958. Cost will be $8 million. 

The new technique is intended to 
allow rapid data reduction during mis- 
sile flight. Reduction will take place in 
a few seconds and enable new instruc- 
tions to be sent to the missile to obtain 
a wider scope of information. 

Official announcement that an In- 
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ternational Business Machines Corp. 
computer will calculate and predict the 
orbit of the Vanguard satellite has been 
made by the Navy Department. 

The IBM 704 computer and 740 
Cathode Ray Tube Output Recorder to 
be used will be located in Washington, 
D. C. It will first receive and process 
data from the Vanguard vehicle as the 
rocket reaches third-stage burnout and 
then will be switched to make calcula- 
tions on the satellite’s orbit based on 
data from Minitrack radio tracking sta- 
tions located in the Western Hemi- 
sphere. 

Dr. Paul Herget, Director of the 
Cincinnati Observatory will head the 
staff of the Washington facility to be 
known as the Vanguard Computer 
Center. 

Construction of a building to house 
the Center is reportedly underway in 
Washington. A computer at another 
location will be available as a back-up 
facility for emergency use. 











Defense Secretary Wilson's 
word as to who shall build and fire 
what missiles may not be so final as 
he would wish. An m/r check of 
Congressional sentiment on the No- 
vember Memorandum on roles and 
missions reveals that all is not peace 
and acquiescence on Capitol Hill. 

If the reaction at the recent 
American Rocket Society annual 
meeting (m/r, Dec., p. 24) was one 
of shock and consternation, that of 
the nation’s legislators is one of 
astonishment and confusion, high- 
lighted by a firm determination to 
“get to the bottom of things” early 
in session. 

At stake is not only the Army’s 
claim to a long-range artillery weap- 
on—the Intermediate Range Ballis- 
tics Missile—but the future of what 
is reputed to be the hottest ballistics 
development team in the nation- 
perhaps in the world, the Army’s 
12,000-man Redstone Arsenal at 
Huntsville, Ala., including | 30 form- 
er German rocket experts under 
Wernher von Braun. 

Concentrating mainly on the 
members of the Senate and House 
Armed Services Committees—who 
have the biggest say in deciding who 
gets how much money for what— 
m/r found Democrats cautiously 
vocal; Republicans, strangely silent. 
One view was virtually unanimous: 

“We want to know a lot more 
than we do now about the details 
leading up to this decision, and what 
it portends for the future.” 

Senator John J. Sparkman (D., 
Ala.), for example, has this to say: 

“I think the Army is entitled 
to continue development of the 
Jupiter—undoubtedly, they are fur- 
ther along than anybody else. To 
stop this program now is to penalize 
our missile programs and already 
accomplished industry efficiency. It 
would be extremely wasteful. 

“Secondly, the Army has de- 
veloped the strongest possible team, 
and one that has shown results in 
course of the one year it has been 
operating. 

“I think as a matter of military 
tactics the Army is entitled to the 
use of missile¢ such as the Jupiter, 
or others, wherever they can accom- 
plish the mission for which the Army 
is intended. 

“All services should be allowed 
to do all they can toward develop- 
ment of missiles. Let the Air Force 
develop their Thor, let the Army 
develop the Jupiter, let the Navy 
develop the Polaris. If another war 
should come we'll need all of them... 

“It is unthinkable that the 
United States Government would 
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Capitol Hill Wants Facts 


on Wilson Memorandum 


do such a foolhardy and wasteful 
thing as to throw away many mil- 
lions of dollars that have already 
been invested in the work done by 
the Army. It would be little short of 
criminal to waste the tremendous 
brainpower and scientific knowhow 
the Army has been able to bring 
together for this program. 

House Armed Services Chair- 
man Carl Vinson would not commit 
himself either way, but the emphasis 
he gave to his no comment was sig- 
nificent in itself. He said: 

“I shall have nothing to say 
until Congress reconvenes. First I 
want an opportunity to study the 
Wilson directive. 

“As chairman, I don’t think it 
behooves me to comment on the 
directive put out by Secretary Wil- 
son. It is his responsibility to assign 
roles and missions to the armed 
services. This responsibility naturally 
includes the problems of rockets 
and guided missiles. 

“Until the Defense Department 
comes before my committee to ex- 
plain itself fully as to its intent, I, 
for one, shall withhold any com- 
ment.” 

And from Rep. Arthur Win- 
stead (D., Miss.), this statement: 

“I want to talk to those folks 
before I make up my mind. I want 
to talk to everybody. We have to 
have some executive sessions and 
some open sessions of our commit- 
tee. 1 want to see us explore the 
whole kit and kiboodle. 

“Those folks across the river 
will just have to come up here and 


explain to us what they have in 
mind.” 

Rep. Paul Kilday (D., Texas): 

“I have a fear and a disappoint- 
ment in this regard of the assign- 
ment of roles and missions. But it 
occurs to me in my fear and dis- 
appointment that we might see a 
new B-36 fight arising out of this 
new directive. 

“I intend to do my best now that 
Congress has convened again and de- 
mand a complete review of the 
wasteful policy stipulated in the 
Wilson directive.” 

That there seems to be a good 
chance of another knock-down, 
drag-out fight brewing seems appar- 
ent. You hear the same kind of 
rumbling you did just after World 
War II when as a result of the 1947 
Key West Roles and Missions di- 
rective, Air Force and Navy, using 
headlines as their big calibre am- 
munition tried respectively to sink 
the super-carrier and shoot down the 
B-36 “super-bomber.” One member 
of the House Armed Services Com- 
mittee put it this way: 

“The Army will fight like hell 
to keep Dr. von Braun and its Red- 
stone Arsenal.” 

The AF, it appears, is just as 
determined to see Redstone either 
eliminated or absorbed into the AF 
structure. 

“Of course I need more time 
to study this question, lest I be ac- 
cused of hasty ill-founded opinion. 
I'm a great believer in the need for 
strong airpower. I’m lacking in 
knowledge. I’m not sure the Army 





Maj. Gen. John B. Maderis, ABMA Commanding General, The Senator from Alabama, 

The Right Honorable John J. Sparkman (D.) and Maj. Gen. H. N. Toftoy, Com- 

manding General, Redstone, Arsenal, during a visit of the Alabama Congressional 
delegation to the Huntsville facility last month. 





should be so limited. We have al- 
ready limited them in the weight of 
their aircraft. Now limiting them in 
the range of their missiles and rockets 
makes me pause and wonder about 
the plans behind the Secretary’s di- 
rective 

“I would like him to explain 
more clearly how he plans to limit 
distance. Personally, I feel a logical 
distance for these new weapons would 
be 500 miles. 

“There are other factors I want 
to talk about. First of all I feel that 
we in the legislative branch have to 
allow these directives to be made by 
the executive branch. In this case 
something had to be done. It was. 

“I'm in favor of doing. But 
that doesn’t mean I’m in accord with 
the directive. What I’m saying is 
simply this: It is the role of the 
executive office to handle the broad 
overall policy as it affects the strength 
of our country. 

“We are engaged in creating new 
instrumentalities for the defense of 
the nation. I can understand, of 
course, the Army must be bitterly dis- 
appointed. Undoubtedly they fear 
that in the complex assignments for 
the defense of the nation, they will 
have a minor role. 

“I’m not prepared to discuss that 
aspect at this time. After all there 
must be the opportunity for discus- 
sion. But there is one thing I shall 
have my say on. Congress must stay 
out of the conflict, if any, on strategy 
and tactics. That is the role of the 
military men. 

“In a relatively short time we 
shall find out the full significance of 
the directive. If it develops that one 
of our services is prejudiced, we shall, 
in our own way, discharge our proper 
duty to the people.” 

Rep. Victor Wickersham (D., 
Okla.): 

“If this directive has the approval 
of the Joint Chiefs, that is one thing. 
If there is disagreement, that is some- 
thing else. If there is over-lapping in 
the field of guided missiles, it won't 
hurt. Competition is good. The Rus- 
sians are in this thing for keeps. So 
duplication will do no one any harm. 

“I think Wilson is trying to do 
a job of coordination. But in practice, 
those things don’t always work out 
as they did on paper. I can only hope 
that Wilson is not trying to hold 
down technological development. 

“Another thing I'm wondering 
about is where the Budget Bureau fits 
into the directive. They have the last 
word over there because all they 
have to do is withhold funds, even 
funds which have been appropriated 
by Congress.” 
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Twenty-five Nations Meet in Paris 
For Congress on Missiles 


From our correspondent 

PARIS—Twenty-five nations were 
represented at the International Con- 
gress on Rockets and Missiles which 
took place in Paris last month. The 
meeting was organized by the Associa- 
tion pour l’Encouragement a la Rec- 
herche Aeronautique and its success 
was largely due to the work of the as- 
sociation’s president, Jean Venturini. 
The 125 delegates attending the Paris 
meeting heard talks in several different 
languages on all aspects of missile and 
rocket activities. 

G. Bory, a former French naval 
engineer, discussed rocket-powered 
missiles with special reference to de- 
velopment efforts between 1917 and 
1947. Dr. M. Lebrun, French scientist, 
talked about meteorites and “flying 
saucers.” A paper on international as- 
tronautics was read by Germany’s F. 
L. Neher, historian of the Gesellschaft 
fur Weltraumforschung. He also dis- 
cussed Germany’s 30-year period of 
work on rocket development. 

A. W. Robinson, of International 
General Electric, talked on guided 
missile development work in the U.S. 
A. Ducrocq, head of Societe Francaise 
d’Electronique et de Cybernetique, dis- 
cussed atom-powered rockets. This 
subject was also discussed by Dr. F. 
Winterberg, a German specialist, and 
by two French engineers, Th. Reis and 
M. Gauzit. 

General Electric’s contribution to 
Vanguard was the subject of a paper by 
R. E. Small. Dr. G. S. James told the 
meeting about the Rocket Research In- 
stitute, which he heads, and also dis- 
cussed the International Geophysical 
Year. J. Persch of U.S. Navy Ordnance, 
talked on the calculation of turbulent 
boundary-layer heat transfer in super- 
sonic and hypersonic nozzles. Three 
Belgian scientists—P. Glansdorff, P. 
Jaumotte and S. Passelecq—discussed 
rocket performance. The “Litergolici” 
system of propulsion was described by 


Professor Corellli of Rome University. 
J. A. Vandenkerckhove of Brussels 
University spoke on erosive combustion 
of a double-base propellant. Dr. C. 
Belmondo, of Turin, Italy, discussed 
solid propellants. Propulsion problems 
were the subject of a paper by Captain 
G. Partel of Rome. Professor H. J. Zu- 
crow and A. R. Graham of Purdue Uni- 
versity discussed the cooling of rocket 
motors. 


H. Bednarczyk of the Vienna In- 
stitute of Technology spoke on water 
vaporisation’s contribution to the the- 
ory of the rocket. Professor M. J. Zu- 
crow and J. R. Osborn of Purdue Uni- 
versity discussed determination of the 
dynamic response of pressure trans- 
ducers by means of the high-pressure 
shock tube. 


In the field of ballistics and flight 
mechanics speakers included: J. Hely, 
deputy chief of France’s Ecole Na- 
tionale Superieure du Genie Mari- 
time; E. Sanger, head of Germany’s 
Forschungsinstitut fur Physik der 
Strahlenantrieb; J. J. Gait of the Royal 
Aircraft Establishment, Farnborough; 
Dr. G. Fellner, of Achen, Germany; 
P. S. J. Vernotte of Paris; L. C. Frager 
of Paris; Max Plan of France’s Lab- 
oratoire d’Aerothermodynamique; Dr. 
F. H. Devienne of France’s Labora- 
toire Mediterraneen de Recherches 
Thermodynamiques; EE. Finkel of 
France’s Societe Matra; I. Rind and 
Jean Casteil of the French IBM com- 
pany; I. Dreyfus of France’s Com- 
pagnies des Machines Bull; F. H. 
Reynst of the Netherlands; Prof. A. 
Bartocci of Italy’s Terni company; Dr. 
W. Trommsdorf of Deutsche Versuch- 
sanstalt fur Luftfahrt; Dr. James Hey- 
da, Allison Division, General Motors; 
and H. R. Voellmy of Zurich, Switzer- 
land. 

Guidance problems were  dis- 
cussed by the following: Colonel P. 
Gaudillere of France’s SFT company; 





A MATRA air-to-air missile has been installed underneath the prototype of the Dassault 
Mirage, France's Mach |.5 fighter prototype. 
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F. Muller of Gottingen, Germany; P. 
Devergne of France’s Societe de Fab- 
rication d'Instruments de Measures; 
Dr. W. C. Hodgson and J. N. Ryon of 
the Naval Research Laboratory, Wash- 
ington; I. Guanella of Baden, Switzer- 
land; and E. Perret of Zurich, Switzer- 
land. 

Ground installations and special 
techniques were the subject of papers 
by: Dr. A. Gerber of Zurich, Switzer- 
land; General W. W. Hohener of the 
U.S. Navy’s Bureau of Ordnance; B. 
Winandy, of Paris; H. Gelly of France; 
R. Syre of France’s Pechiney com- 
pany; A. Ferchaud of Paris; Dr. B. 
Langnecker, of Vienna; Dr. G. Golu- 
bovic of Paris; Major F. Violette of 
the French Air Force; and J. Duflos, 
head of France’s Textiglass company. 

Papers on the legal and economic 
aspects of astronautics were read by: 
E. Winandy; Andrew Haley of the 
American Rocket Society; and M. O. 
Maquenne of the French Societe d’Ec- 
onomie Politique. 





Aero Digest Readers 
May Choose m/r 


Subscribers to Aero Digest, 
which suspended publication with 
the December issue, will be given 
their choice of receiving MIssILEs 
AND ROCKETS Or AMERICAN AVIA- 
TION Magazine. 

American Aviation Publications 
announced that it has agreed to ful- 
fill all unexpired subscriptions to 
Aero Digest. In the event that the 
Aero Digest reader already receives 
the American Aviation publication 
of his choice, he will be given equiva- 
lent credit for extension of his sub- 
scription. 

Founded in 1937 by President 
and publisher Wayne W. Parrish, 
AAP is the world’s largest aviation 
publishing organization. In addition 
to the 20-year-old AMERICAN AVIA- 
TION Magazine, with a circulation of 
46,000, and MIssILEs AND ROCKETs, 
which already has attained a paid 
circulation of 8,500 in less than six 
months, the company publishes 
American Aviation Daily, American 
Aviation World-Wide Directory, the 
Official Airline Guide, the daily Air 
Traffic News, Airports weekly news- 
letter, and Who's Who in World 
Aviation. In addition, the Air Infor- 
mation Division provides a special- 
ized service that digests time tables, 
fares and charges for scheduled air- 
lines. Company headquarters are 
at 1001 Vermont Avenue, N.W., 
Washington, D.C. 
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Fueling is one of the most important operations in the 

successful launching of a rocket. Since propellants are 

poisonous, breathing protection equipment must be worn. 

The Scott Air-Pak Model 8100-A2 has been designed to 

meet the exacting requirements of this hazardous opera- 

tion. It delivers pure, fresh air, instantaneously ‘“‘on The Scott 8100-A2 Air Pak incorporates 
demand” as required by the wearer regardless of the degree the latest advances in chemical resisting 
materials. Two small compressed air cyl- 
inders are used instead of one large cylin- 
der. This reduces bulk and makes the unit 
easier to wear with protective clothing. 


of exertion. 
Special attention has been given to the metallurgy of the 
component parts to insure unfailing service in atmospheres 
of dangerous propellants such as fuming red nitric acid 
a insymmetrical dimethyl-hydrazine. — « : ss 
nd uns) etrical dimethyl-hydrazine The Scottoramic Mask which is standard 
The Scott Air-Pak has been established as standard equip- equipment completely protects the eyes 
ment by Army Chemical Corps and Army Ordnance for and face. It provides unlimited vision in 
launching crew protection. all directions and helps the wearer to spot 

ess Write for complete information. danger zones for maximum safety. 
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Titan Configuration 
Revealed by Glenn L. Martin? 


A Martin Company ICBM ad, in 
the January issue of the American 
Rocket Society’s Jet Propulsion shows 
a more or less conventionally appear- 
ing two-stage, triple-finned rocket. A 
check with the Pentagon indicates that 
the configuration is a “bit too close” 
to the actual Titan Inter-Continental 
Ballistics Missile now being developed 
by Martin for the AF. A close replica 
of the missile in the ad appears below. 

A Martin Co. spokesman when 
asked to comment on their ICBM ad 
and its similarity to Titan said only: 
“I can neither confirm nor deny .. .” 
The British magazine Flight, however, 
in its December 7 issue reports that 
Titan is a two-stage weapon with the 
sustainer rocket mounted directly over 
the booster. General indications are 
that the length of the missile mounted 
and ready to fire approximate 100 feet 
with the diameter of the booster maybe 
10-to-12 feet; that of the warhead and 
final stage, 6-to-8 feet. Fueled weight 
is undoubtedly well over 100,000 
pounds. 

These reports plus the fact that 
AF may shelve the Navaho project in 
order to be able to concentrate even 
more on ICBM development indicate 
that the state of the art is a lot more 
advanced than most people thought it 
would be two or three years ago. The 
advanced state of the ICBM’s could be 
the main reason Defense Secretary Wil- 
son is so willing to limit research and 
development money. 

Puzzling on the accompanying 
artist’s conception is the clear indenta- 
tion in the missile body near the tail 
section, unless it is that the aerody- 
namic guidance fins are dropped off 
before the booster has burnt out. 

Also, the warhead is similar to pic- 
tures of Martin test cones for the Van- 
guard satellite launching project. More 
probably, Titan’s nose cone will be a 
compromise between the blunt, high- 
drag-to-weight ratio configuration and 
the sharply tapered high-speed reentry 
design, i.e., both tapered and blunted. 

Flight reports that Aerojet-General 
Corp. is responsible for Titan's stage 
one motor, with Reaction Motors, Inc., 
responsible for chambers. Nothing 
specific has been released as regards 
the thrust of the first stage booster, but 
it is reported to be on the order of 
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250,000 pounds, or at least that’s some 
kind of design target. 

Another indication of the ad- 
vanced state of the ICBM programs is 
a recent report that considerable Con- 
vair Atlas staff are moving to Patrick 
AFB “permanently.” Meanwhile, Mar- 
tin’s rocket engine and systems test 
facility at Denver, Col., has reached an 
advanced stage of completion. 

It begins to look increasingly as 
though AF placed its bets well when 
it contracted for ICBM development. 
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NORTH AMERICAN AVIATION now 
has three IBM 704 electronic data process- 


| ing machines in operation to help speed 


research and development of supersonic 
aircraft, missiles and rocket engines. Two 
are at its main Los Angeles plant, the 
third at NAA’s Rocketdyne Div. at Canoga 
Park, Calif. 


BENDIX AVIATION CORP. has ac- 
quired assets of Sheffield Corp., Dayton, 
Ohio producer of precision gauging and 
measuring instruments. Current Sheffield 
sales run about $24 million annually. 


TEXAS INSTRUMENTS, INC., transistor 
producer, expects final 1956 earnings will 
reach $2,100,000, up almost 30% from 
$1,582,000 in 1955. Sales are estimated at 
$44 million against $28,685,000 last year. 


ELECTRONIC CONTROL SYSTEMS, 
INC., Stromberg-Carlson affiliate, has 
leased a fourth building in West Los An- 
geles area at 2205 Stoner Ave. 


ACF INDUSTRIES, INC. earned $3,758,- 
000 on sales of $129,589,000 for its first 
six months ended October 31 compared 
to $3,875,000 on sales of $117,274,000 for 
like period last year. 


AUTONETICS DIVISION, North Ameri- 
can Aviation, Inc. has purchased a 15% 
acre plot of land adjoining present division 
headquarters to be used for future ex- 
pansion. 


DOUGLAS AIRCRAFT CO. and United 
Auto Workers have agreed on an initial 
contract covering workers at its Charlotte, 
N. C. Nike missile plant. It expires early 
in 1958. 


AGREEMENT SIGNED between Hughes 
Aircraft Co. and Aircraft Industries Work- 
ers at company’s Culver City plant calls 
for wage increase of 7¢ to 15¢ an hour. 
It also provides hike next year of 6¢ to 
11¢ and institutes a cost of living clause. 
Hughes recently signed a similar contract 
with International Assn. of Machinists at 
its Tucson plant. 


SMALL BUSINESS WON at least a half- 
share of the $624,700,692 in purchase 
orders issued by North American Avia- 
tion during its fiscal year 1956. Some 
11,028 firms having less than 500 em- 
ployes each received contracts worth 
$312,399,366, up from $275,725,886 in 
1955. 


CONVAIR ASTRONAUTICS new $40 
million plant being built near San Diego 
for Atlas intercontinental ballistic missile 
production is reported on schedule. Engi- 
neering laboratory is the first building 
slated for completion. 


LITTON INDUSTRIES registered sales of 
$6,230,000 for quarter ended October 31, 
exactly double the $3,115,000 for same 
period in 1955. Profits were $401,000 com- 
pared to $212,000 a year ago. Litton back- 
log reached $36 million and assets ex- 
ceeded $13 million. 


INTERNATIONAL NICKLE CO. OF 
CANADA, LTD. has announced a joint 
government-company financed $175 mil- 
lion expansion which will increase its an- 
nual output approximately 50% by 1960. 
Firm recently raised nickle prices 9.5¢ 
per pound to 74¢, first hike since Novem- 
ber 1954. 


missiles and rockets 











Jan 




















Rocket Trends 


By Erik Bergaust 


Army still hasn't said anything about their record-breaking rocket 
flight four months ago. A favorite topic of conversation at the American 
Rocket Society annual meeting in New York a few weeks ago, it appears 
Drew Pearson predicted last July the Army was about to shoot a missile 
some 3,000 miles. The firing took place September 20. Life magazine was 
first to tell the story (October), newspapers picked it up and people 
started to talk about the venture. The outstanding Army missile firing was 
discussed in barber shops at Cocoa Beach near Patrick and at Huntsville 
and wherever rocketeers get together. 


The public might have been led to believe that this Army missile 
was the Jupiter prototype. However, industry people refer to the record- 
breaking missile as a Jupiter “C,” not a Jupiter IRBM. In its November 
write-up m/r indicated the Jupiter “C” consists of a modified Redstone 
as a booster, a cluster of scaled-down Sergeants for the second stage and 
another scaled-down Sergeant cluster for the third stage. The Jupiter “C” 
launched on September 20 supposedly went as high as 650 miles, accord- 
ing to some—others say 680 miles. Maximum velocity of 15,000 mph 
and range of 3,300 miles have been mentioned. It remains a strange phe- 
nomenon— if these figures are true—that the Army will not claim offi- 
cially the world’s speed and altitude records for rockets. 


Meanwhile, the Air Force is closing in on the Army ballistic missile 
lead. Big payoff for Air Force missile planners stems from their wisdom 
in running two parallel ICBM programs—Atlas and Titan—and using 
the skillful planning experience of ARDC. Result: Air Force Titan and 
Atlas are far more advanced than was contemplated a year ago. We pre- 
dict the recent Army ballistic rocket publicity will look like peanuts 
compared to what Air Force will get, for only the Air Force can send a 
rocket to the moon . . . This will happen sooner than you think. . . 


Beyond that Air Force is understood to be thinking in terms of 
nuclear-powered rockets. And the airmen soon will learn that this earth of 
ours is much too small as a proving ground for such high-punch stuff. So 
the United States Air Force might have to become the United States Space 
Force—whether anyone else likes it or not. 


So you'll hear more and more about the Air Force planning to send 
a rocket to the moon. And you'll be hearing more about the fact that we're 
racing the Russians in this respect too. Some ace WDD planners and top 
notch scientists will see to it that we get there first, we predict. Furthermore, 
we have a feeling one particular name, eventually, will stand out in this 
connection—that of Krafft A. Ehricke. When we asked a high-ranking 
AF officer recently whether the AF was interested in space flight, he 
said: “Not only are we interested, but note that when man goes into 
space, it will be an air force venture, and the guy in the driver's seat 
will be an Air Force pilot!” There’s no question the AF is a logical 
choice for pursuit of the space flight goal. Nevertheless, we feel certain 
the Navy wants to get into the act too 
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Washington Spotlight 


By Henry T. Simmons 


The Navy has assembled a team of four top contractors to carry 
out the development of the Fleet Ballistic Missile, this column has 
learned. Responsible for the airframe is the Missile Systems Div. of 
Lockheed Aircraft Corp. Aerojet-General Corp. has been assigned the 
propulsion unit, while General Electric Co. and Massachusetts Institute 
of Technology will work on the guidance and fire control features. 


Selection of the contractors means that the Navy will be relatively 
little affected by the transfer of control over the development of the 
Jupiter IRBM from the Army to the Air Force. Although the Jupiter 
was originally set up as a joint Army-Navy project, the sailors some 
time back worked out a revised program which called for a solid rather 
than a liquid-propellant weapon and accordingly proceeded with its 
development. Thanks to this preliminary effort, it will only be necessary 
to increase the scope of some of the earlier work to assure the Navy 
of a full-fledged FBM development program of its own. 


Fate of the Army Ballistic Missiles Agency and its cadre of 
Jupiter scientists and contractors may well prove to be one of the knot- 
tiest administrative problems in the entire missile picture during the next 
few months. In theory, the Air Force is free to finance continued devel- 
opment of the weapon after next July 1, but Pentagon insiders are du- 
bious about the prospects of this in view of the pinch on funds available 
to the Air Force for research and development. They believe the airmen 
will abandon almost all of the Jupiter work, with the result that an 
experienced scientific and industrial team will be lost. But so far, no one 
in the administration has come forward with any solution to the problem 


(see m/r editorial page 7). 
. 


The simplicity and low cost of the infra-red guidance system of 
the Navy’s Sidewinder air-to-air missile has so impressed the Air Force 
that it has ordered an IR version of the Hughes Falcon. Unlike their 
radar-guided counterparts, the heat-seeking Falcons will require no ex- 
ternal fire control. Since most of the aircraft which might use them will 
come equipped with a half a ton of radar fire control apparatus, it ap- 
pears likely that the new birds will be mixed in with radar Falcons to 


offset countermeasures. 
* 


Navy budget request for Fiscal 1958 includes funds to assure a 
“modest growth” of the Point Mugu missile flight test range off the coast 
of California. It will provide for vessels to serve as down-range tracking 
stations as an interim measure, although ultimately the range might 
extend to the Galapagos Islands and beyond. 


So-called “zip” fuels may provide a spectacular performance 
boost for the Navy’s air-breathing missiles when they become available 
Although the high-energy fuels are presently slated for ramjet-powered 
birds, it is likely they will also be feasible for turbojet-powered weapons. 
Their big advantage: a 40% boost in fuel energy for a given volume, 
with consequent range and speed increases. The Navy has started work 
on a $33 million zip fuel production plant at Muskogee, Okla. 
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Reference Data for Radio Engi- 


neers. By International Telephone and 

Telegraph Corp., 4th edition. Pub- 

lished by IT&T, Publication Dept., 67 

Broad St., New York 4, N. Y. 1121 

pp. $6.00. 

An improved and expanded edition 
of a reference data handbook which has 
been popular since 1943. The book was 
designed to save time spent by radio engi- 
neers in finding data to solve a wide va- 
riety of problems needing equation, curve, 
table and monograph information. 

The new version contains new and 
completely revised information to meet 
current requirements in the radio engi- 
neering field. These include such subjects 
as semiconductors and transistors, helical 
antennas, nuclear physics, scattering ma- 
trixes in waveguides, etc. A tremendous 
quantity of data is packed in this one vol- 
ume. H.P.S. 


Jane’s All the World’s Aircraft 
1956-57. Compiled and edited 


by Leonard Bridgman. Published by 

McGraw-Hill. $25. 

For the first time in this renowned 
aviation annual there is a missile section. 
Mention is made of the Russian T-7A 
medium-range artillery rocket, a SAM 
developed from the German Rheintochter, 
“an improved V-2 type” ballistic missile, 
a winged jet-powered medium-range, bom- 
bardment missile, and the T-4A_ super- 
sonic glide-bomb. 

The missile section describes Van- 
guard and shows it diagramically. USAF, 
US Navy and Army designation systems 
are explained and all Western missiles 
are tabulated on four pages faced by the 
same number of familiar photographs. 
Although 42 U.S., 13 French, 10 British 
and one Swiss operational and research 
missiles are listed. The table includes the 
following items which the British Ministry 
of Supply states are not official: 

(1) Armstrong-Whitworth Sea Slug, 
Royal Navy SAM, has four concentric 
booster rockets, measures 20 ft. long, re- 
sembles model shown in company’s super- 
sonic tunnel and has English Electric 
guidance system. 

(2) A de Havilland infra-red AAM 
is to be standard for the Royal Air Force. 
It resembles a test vehicle revealed at the 
1954 SBAC Farnborough show. 

(3) English Electric SAM is a beam- 
rider with either Napier liquid rocket or 
Napier ramjet and Marconi guidance. 

(4) Fairey has an enlarged develop- 
ment of the Fireflash AAM, 10 ft. long 
(without booster) which was the missile 
shown anonymously at the 1955 Farnbor- 
ough show. 

The 1956-57 edition of Jane’s carries 
13 more pages than did the 1955 volume 
on U.S. aircraft (121 in all)—more than 
one-third of the total and double the sec- 
ond entry, the United Kingdom. The 
Soviet Union is up from nine to fourteen 
pages although there is nothing not pre- 
viously published elsewhere. 

This is the 47th issue of Jane’s and 
it follows close upon the award of a Paul 
Tissandier diploma by the FAI to Leonard 
Bridgman for his work as compiler and 
editor for 36 years. These diplomas have 
but rarely been accorded to aviation writ- 
ers: Wayne W. Parrish, president and pub- 
lisher of m/r received one last year, and 
only one other British writer—the late 
C, G. Grey—has ever been given one. 
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ANNOUNCING ANOTHER 


, RsD ACHIEVEMENT 


New Electric Motor Driven 
Hydraulic POWER PACKAGE 
For Guided Missiles 


ADEL has long been engaged in power unit research and 
development programs for guided missiles and piloted 
supersonic aircraft. This has resulted in the production of 
small, lightweight, reliable and self-contained auxiliary 
POWER PACKAGES. 


POWERFUL + SMALL * COMPACT * RELIABLE 
LIGHTWEIGHT + SUPERIOR PERFORMANCE 





These power units permit wide latitude in systems design. 
Developed, qualified and produced to meet or exceed 
exacting specifications. 

















ee 
New in cept and development, envelope incorporates 
if electric motor, hydraulic pump, valves and reservoir, all 
~ faanufactured in our own plant. Proven through special- 
ized, advanced engineering under complete, in-plant per- 









REMEMBER ... ADEL can design, develop and 
manufacture other airborne components to meet your 
requirements. Investigate the complete ADEL 
facilities for qualification testing which can contribute 


formancé and environmental testing facilities required 
for ever higher product quality. 





greatly to accelerate the progress of your 
engineering development projects. 





BURBANK, CALIFORNIA * HUNTINGTON, WEST VIRGINIA 


ADEL designs and manufactures aircraft products in the following major categories: 





aS 





nk & at Anti-icing, Heater & Engine Hi-Temp Manual & Electric Motor Driven 
Control Equipment Fuel System Equipment Accessories Solenoid Operated Vaives Hydraulic Power Packages 
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Missile Miscellany 


This page, to be a regular m/r feature, considers itself a kind 
of swap-shop for ideas. Like the mind, it abides no limits to 
its scope. Its objects are manifold. It's a meeting and mixing 
place for ideas, off-chance remarks and queries that might other- 
wise pass unexamined. But mainly, it aims to keep people thinking. 
7 Sea * 
Shot through with bitterness, this remark from a man on the Jupiter 
team at Redstone: "We're all getting two-to-three-job offers a day 
from industry...good pay, too." From a Bomarc engineer: "Bust up | 
the von Braun team, and U.S. ballistics missiles lose five years." 
Then, at dinner the other night, this page heard a liquid propel- 
lant salesman toss out: "What the missile business needs is its 
own basic R&D agency, free from profit motives, politics, inter- i 
service squabbles and annual budget fights. Maybe Congress ought 
to take ABMA from Defense and give it protected status like NACA." 
kk * : 
Space is neither "free" nor "empty." Plus all the bits and pieces | 
of matter flying about, it's a massive energy spectrometer, including 
not only light and heat but also strong magnetic, electrical and 
gravitic (and who knows yet what other) energy gradients. 
In the mellower hours of the annual ARS meeting, an aerodynamicist [ 
asked: "Why don't we ride these gradients? Carry just enough fuel 
to gather and convert space energy for propulsion—like a heat pump 
uses comparatively little power to concentrate a lot of vagrant 
outdoor heat inside where it'll do some good." 
And a quip: "Make Newton's apple fall up, as well as down." But 
out of the past, this comment by Nobel prize winner Robert A. 
Millikan (founder of Cal. Tech.) to a student in 1922 is more pro- 
voking: "Man will discover the secret of gravity in work with very 
high voltages and heavy masses..." 
kw o* 
Some recent unofficial Navy reasoning this page jotted down goes 
thus: "Return TACAIR to Army; perfect the pilotless interceptor; 
make MATS an independent all-service operation; and after ICBM 
kills off SAC, you certainly won't need a whole T. O. of men in 
uniform to carry out White House orders for an intercontinental 
count-down.” 






































kok * 
This page feels there must be some mistake but: Navy missed a publicity 
bet when it didn't claim World War II's sonar-directed torpedo as the 


country's first guided missile. And it heard an AF planner and 
programmer say Army is "very happy” with the now-famous November Memoran- 


dum wherein AF trades Army even-Steven, Talos for Jupiter. 

~*~ * * 
An NACA structures engineer, weary of cantilevering all manner of 
stores, engines, wings, etc., on both manned and unmanned fuselages, 
wants to know what's the matter with the aerodynamics of adisc. 

. Picked up in passing: An H-bomb dropped on Los Angeles airport 
would knock out one quarter of this country's missile capacity . . . This 
page hears increasing demands for a degree in missile engineering . 
From a top Pentagon civilian when assured Wilson would soon quit: 

"T wonder if Bob Lovett would be willing to come back?" .. . And to the 
right, a Chinese "fire arrow" as it was launched around the year 
1,000 A.D., which is about the time all this began 
































DESCRIPTIVE DATA 


@ SIZE: 1 inch diameter x 2% inches long 
@ WEIGHT: 3.8 ozs. 
@ FULL SCALE RANGE: 40 to 400 degrees/second 


@ LINEARITY: 0.1% of full scale to 4 range, 
within 2% to full range 


@ RESOLUTION: 0.01% full scale 
@ DAMPING: Fivid damped, temperature compensated 
@ PICKOFF: Variable Reluctance type, 400 - 6,000 cps 


@ MOTOR EXCITATION: 6.3 volts - 400 cps, 26 volts - 
400 cps, 9 volts - 1,000 cps 
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GOLDEN GNAT 
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Gnot Rate Gyro 
Shown actval size 





Miniature Rate Gyros for 
Missiles and Aircraft 


Here is a precision, minature rate gyro. It’s tiny . . . measures only 1 inch 
in diameter and 2% inches in length. It’s rugged . . . withstands 100G 
shock and 10G vibration to 2,000 cps. It has a record of proven 
performance. 


Even under the- most severe environmental conditions the Golden Gnat 
will perform as required. To make this possible many unique design de- 
tails have been incorporated. One such detail is the Gnat's gold plated 
steel housing for improved corrosion resistance and positive hermetic 
sealing. 


Wherever the need exists for high performance miniature rate gyros such 
as for autopilot stabilization in missiles and aircraft, antenna stabilization 
and fire control applications, the Golden Gnat is ideally suited. Write for 
Bulletin GN . . . Minneapolis-Honeywell, Boston Division, Dept 00, 1400 
Soldiers Field Road, Boston 35, Mass. 


Honeywell & 


BOSTON DIVISION 
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#1 Safety Factor for Jet Engines . . . 





the ONLY Tester for EXACT HEAT & R.P.M. MEASUREMENT! 


Tests EGT System Accuracy to 
+4°C at Test Temperature 


(functionally, without running the engine) 











Tests RPM hniteey to 
10 RPM in 10,000 RPM (==0.1%) 





Two of the most 
important factors 
that affect jet 
engine life, effi- 
ciency, and safe 
operation are Ex- 
haust Gas Tem- 

' perature (EGT) 
and Engine Speed (RPM). Excess heat 
will reduce “bucket” life as much as 
50% and low EGT materially reduces 
efficiency and thrust. Any of such con- 
ditions will make operation of the air- 
craft both costly and dangerous. The 
JETCAL Analyzer predetermines ac- 
curacy of the EGT and (interrelatedly ) 
Tachometer systems and isolates errors 
if they exist. 




















The JETCAL is in worldwide use. Used 
by U.S. Navy and Air Force as well as 
by major aircraft and engine manufac- 
turers. Write, wire or phone for com- 
plete information. 











B & H INSTRUMENT 
also makes 
TAKCAL TEMPCAL 






B & H INSTRUMENT Co., INC. 
3479 West Vickery Blvd. + Fort Worth 7, Texas Na 





Dayton office: 209 COMMERCIAL BLOG DAYTON IHIO 
West Coos office: 427 EAST GRAND AVE... EL SEGUNDO ALIF 
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Narmco Mat Development... 
























! Progress is the result of advanced 
design and advanced materials 
keeping abreast of each other 
. meeting, as a team, the 
enormous responsibilities 
imposed by the aircraft 
industry. 





Write for brochures detail- 
ing application and per- 
formance characteristics 
of METLBOND 302 and 
CONOLON 506 lom- 


inating moterials 


—w 


eee 


A STRIKING EXAMPLE OF NARMCO’S LEADER 
SHIP IN DYNAMIC MATERIALS DEVELOPMENT: 
This sandwich-type, static test article was designed and 
fabricated by Narmco, Inc. for the Air Force and proved 
its structural efficiency by achieving a weight saving in 
excess of 50% over its metal counterpart. Carried exter- 
nally to the aircraft, the component was developed to 
accommodate the same basic load as a similar aluminum 
structure. It employed Conolon laminating materials, 
Metlbond 302, and aluminum honeycomb core. It success- 





O fully met all elevated temperature static tests, thus sub 


= stantiating predicted results 


Narmco technical field representatives throughout the United States and 
Canada can assist in solving your structural design problems quickly, effi- 
ciently, and economically. For immediate assistance write, wire, or phone 





Narmco Resins & Coatings Company, Dept. 864, 600 Victoria Street, Costa Mesa, Calif. 
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Navy Missiles 
Roles and Missions 


HE IMPACT of guided missiles 

and rocket power is bringing basic 
and far-reaching changes to naval avia- 
tion. Changes in tactical concepts, 
changes in equipment, and changes in 
the efficiency with which the mission is 
performed are operational facts today. 
More is on the way. 

Although these implications of 
guided missile and rockets to the air 
systems of the fleet are already im- 
mense, they are not yet seen as the to- 
tal end in themselves. Although their 
influence upon concepts of sea-based 
airpower is almost immeasurable, they 
will in the foreseeable future fit into 
basic patterns of Navy air requirements. 

These exciting new families of un- 
manned weapons will extend the strik- 
ing and defensive arms of naval avia- 
tion in the same way that aviation itself 
extends the arm of total seapower, in- 
cluding surface and undersea forces. 


We should perhaps note the past 
before discussing future influences of 
missiles and rockets on naval aviation. 

The Navy has consistently ad- 
vanced the art of missilry and rocketry 
from the start. Rocket power was first 
applied to naval aircraft as the well- 
known Jet-Assisted-Take-Off (JATO). 
Historically compelled by the restricted 
space available on ships at sea, the 
Navy has pioneered the development 
and use of assisted take-off devices, 
such as the catapult and JATO. 

Today JATO is used more than 
ever, and its use in the future is as- 
sured, to extend our launching capabili- 
ties and literally to get us out of tight 
spots. A seaplane flying across the 
United States in 1944 was forced down 
in a pond. It was flown out with JATO. 
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By Rear Adm. James S. Russell, 
USN 


Chief, Bureau of Aeronautics 





The Navy’s initial capability to deliver 
the atomic bomb—before we had our 
modern planes and when the bomb was 
an awkward gadget—depended on a 
jet-assisted-take-off. Currently, all our 
seaplanes and heavy attack planes have 
provisions for JATO use. 

During and after World War II, 
development brought turbo-jet and 
rocket engines and with them aircraft 
of greatly increased speeds and alti- 
tudes. Flight potentials went beyond the 
testing capacity of existing wind tun- 
nels. To obtain design information and 
data in this era of high speed and high 
altitude flight, research vehicles, both 
manned and unmanned, were powered 
by rockets. These projects were joint 
service efforts among the Air Force, the 
National Advisory Committee for Aer- 
onautics, and the Navy. A series of 
rocket propelled airplanes and smaller 
free flight research vehicles were flown 
in a program participated in by many 
interested agencies. For instance, the 


Bell X-1 flown by the Air Force was 
powered by a Navy-Reaction Motors, 
Inc., developed engine which delivered 
6000 pounds of rocket thrust. 

The Navy’s Douglas SKYROCK- 
ET, the D558-2, another rocket-power- 
ed research aircraft, was clocked at 1065 
knots at 79,000 feet, back in 1951. 


Highly instrumented rockets, with 
or without a pilot, flying from such dif- 
ferent places as Muroc, California, and 
Wallops Island, Virginia, have aug- 
mented and confirmed a usable pattern 
of much needed data. 

Today’s high performance air- 
planes owe much of their success to the 
knowledge gained from the flight of 
rocket-powered research vehicles. 


Many Firsts For Navy 

There are many “firsts” in missile 
development on record which are the 
direct result of the efforts of the Bu- 
reau of Aeronautics. Among these are 
the first surface-to-air missiles known to 
have destroyed a target aircraft, the 
Lark; the first all-weather air-to-air mis- 
sile system to become operational, the 
Sparrow 1; the first ship-launched sur- 
face-to-surface missile to become opera- 
tional, the Regulus J; and one of the 
first guided missile test and evaluation 
centers, the Naval Air Missile Test 
Center at Point Mugu, California. 

In all of this past effort, the aim 
has been to take the conjecture out of 
design, to experiment and document, to 
refine and improve, and to put missiles 
and rockets to work on a practical basis. 

To realize the advances, one only 
has to look at some of the early con- 
tractual documents. So little was known 
about the art as little as fifteen years 
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ago that development contracts were 
written loosely, and in vague, nebulous 
terms. Combustion chamber geometry 
was more “plastic art” than engineering. 
Performance calculations were educated 
guesses. In both guided missiles and 
rocket power applications the flight ar- 
ticle was largely a product of fortunate 
estimates and the particular skills of 
artisan machinists. 

Today’s development contract is a 
good indicator of the progress achieved; 
specifications are called out with en- 
gineering precision and with a scientific 
know-how which reflects the testing and 
documentation experience typical of an 
established science. 

In discussing the role of unmanned 
vehicles in future fleet aviation, we must 
also assess the present. 

Within the organization of the 
Navy Department, the work and re- 
sponsibilities for Navy missilry is shared 
between the Bureau of Aeronautics and 
the Bureau of Ordnance. Each of us 
has defense missiles—those used to de- 
stroy attacking aircraft, and attack mis- 
siles—those guided to enemy ships, sub- 
marines, and shore bases. 

Modern rockets as weapons were 
founded, nurtured and firmly established 
in our arsenal by the Naval Ordnance 
Test Station (NOTS) at Inyokern, or 
China Lake, California. The present 
staff of over a hundred scientific per- 
sonnel, plus many engineers and tech- 
nicians grew from a cadre originally 
started by the Navy’s Bureau of Ord- 
nance at the California Institute of 
Technology. At China Lake the rocket 
is supreme. There it is the objective and 
also the means to the objective. 

The Naval Ordnance Test Station 
has, as a result, an outstanding know- 
how in rocketry. In their work they 
recognize that the weak point in the 
ballistic rocket system was accuracy. 
The result of their staff work has been 
a milestone in air defense progress—a 
five inch rocket with a small guidance 
section added. Having been born in the 
desert and quite deadly, it was named 
the Sidewinder. Possibly because of its 
novel conception in the field of mis- 
silry, Sidewinder has two characteris- 
tics which stand out in this day of com- 
plex technology and complicated logis- 
tics. It is simple and it is cheap. There 
are an unbelievably small number of 
parts and a power supply weighing less 
than an ounce. It is the only missile 
whose cost compares to the price of a 
load of aircraft cannon bullets. 

To round out the Navy air-to-air 
missiles, the Bureau of Aeronautics has 
developed and put into the Fleet the 
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Sparrow missile. You might ask “Why 
have the Sparrow if we have an eco- 
nomical and effective Sidewinder?” It 
is not a question of buying a Ford 
when you already have a Chevrolet. We 
are faced with the problem of having to 
be ready for anything and everything 
which an enemy might bring to bear— 
and to date no missile does everything. 

The Sparrow line of missiles is in- 
corporated in air weapon systems in- 
volving transonic and supersonic in- 
terceptors. In modern task force op- 
erations, the fleet’s air defense is heav- 
ily dependent upon the ability to de- 
stroy attacking aircraft at long ranges 
and under all weather conditions. 


Sparrow missiles have added con- 
siderable reach to the intercepting air- 
craft, under blind firing situations, and 
from a wide variety of firing angles. 
Further developments underway will 
give Sparrow increased capability for 
breaking up enemy air attacks at even 
greater distances, and again under all 
weather conditions. Both Sparrow I 
and Sidewinder are operational. 


Many think that missiles will sup- 
plant manned aircraft. Be that as it 
may, it is very clear that in many 
areas missiles will certainly take over. 
The Navy attack missile, the Regulus, 
is a good and possibly first example 
of a missile becoming a partner rather 
than a tool of conventional aviation. 
This missile can carry a nuclear war- 
head and can be launched from ships. 


In fact, we have ten ships, including 
submarines, ready now. 

The Regulus can be best described 
in the words of Chance Vought, its 
manufacturer, “It takes shore leave 
500 miles at sea.” Great mobility in 
dispersing and in hiding the launching 
ship in the immense waterways of the 
world provides a strongly desired ele- 
ment of surprise in the adaptation of 
Regulus to seagoing vessels. 

There was a touch of genius in- 
volved in Regulus when someone con- 
ceived the idea of equipping it with 
landing gear in lieu of warhead during 
the development program—thus tre- 
mendously decreasing the program 
cost, the development time, and the 
cost of training. A short while ago at 
Chincoteague, a Regulus was boosted 
into the air with two rocket motors; 
then, after a programmed flight, it re- 
turned to the base for the fifteenth time. 


The supersonic Regulus II, which 
is currently being tested, is also using 
wheels so it can return to be studied 
and analyzed and to fly again. It is a 
pity that we cannot shorten and 
cheapen all of our missile programs by 
recovering the spent birds intact. 

Missiles also extend and comple- 
ment the air defense capabilities of 
ships. Navy missiles devoted to this 
purpose are the Terrier, boosted into 
flight and sustained by rocket engines; 
and the Tartar, in which a single motor 
does both the boosting and the sustain- 





James 8S. Russell 
Rear Adm., USN 


Young (53), energetic Rear 
Admiral James S. Russell is a man 
well suited to his job. To intelligent 
imagination and tolerance he adds 
a long and varied career in the 
Navy, including combat duty in the 
Aleutians, Palau, Philippine Islands, 
Iwo Jima and Okinawa. Since the 
war he has commanded some of 
America’s biggest aircraft carriers. 

In addition, Admiral Russell 
has a Bachelor of Science from the 
U.S. Naval Academy and a Mas- 
ters degree from California Institute 
of Technology. He is a fellow of the 
Institute of Aeronautical Sciences 
and is vigorously optimistic over 
the Navy’s future in the age of mis- 
siles and rockets. 

He is intensely interested in 
the transition from aeronautics to 
astronautics, and in fact at the re- 








Rocket 
meeting in New York predicted that 


cent American Society 
practical nuclear propulsion for 
space flight would come sooner than 
we expect (m/r, Dec., p. 29). The 
Admiral, however, is officially silent 
on whether the roles and missions 
responsibility for patrolling the in- 
finite seas of space should fall to the 
Navy or Air Force. 
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Out of its deck hangar and ready to go, REGULUS | gets a final check before being 
launched from the deck of the Navy missile submarine USS TUNNY. 


ing. These surface-to-air missiles are 
quite a bit different from those one 
sees at our laboratories and testing 
grounds. There is no count-down, no 
waiting for computations. One presses 
a button and in rapid succession and 
with complete automation, the missiles 
are fed from the magazines, loaded, 
and then fired by an electronic device. 

The cruisers Boston and Canberra 
are now in service firing Terriers. We 
are building our first Talos ship to be 
ready in °58. Tartar will be put on ships 
in the 1957 building program. Five 
years from now, we will have at least 
eight Talos cruisers, twenty-two Ter- 
rier ships, and seventeen Tartar ships. 

Another air-to-surface missile is 
the Petrel, developed by the Navy’s 
Bureau of Ordnance. It is designed to 
attack ship targets, and combines the 
features of a guided missile plus under- 
water torpedo. Attacking aircraft can 
launch the Petrel well out of range of 
ship defenses without running the gaunt- 
let of conventional flak and machine 
gun fire. 

A large part of Naval air’s striking 
capability is centered around missile- 
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airplane combinations. One of the air- 
to-surface missiles is designed to give 
the attack pilot capability to destroy 
pinpointed targets such as submarines 
and small shipping. In addition, it has 
land interdiction capabilities, and can 
be used in the type of close support 
work at the front lines, such as knock- 
ing out enemy pill boxes and hill-top 
strong points, which is the particular 
forte of Naval and Marine aviation. 

A new adaptation of guided mis- 
siles to air defense is for the defense of 
large patrol or bomber type planes. 
Such a missile will have the versatility 
effectively to seek out fighter and inter- 
cept aircraft making runs on the larger 
Navy airplanes. 


Missiles to Replace Bombers 

In the basic attack mission of car- 
rier-based aircraft, a general concept is 
shaping up involving the “stand-off” 
use of guided missiles. This is anticipat- 
ing the possibility that the enemy’s de- 
fenses of industrial and submarine pen 
types of targets may be so well devel- 
oped that manned aircraft cannot make 
a conventional bombing run. 





Away from the front lines at sea, 
or the shooting dynamics of task force 
air defense and attack missions, a most 
important work has always been fos- 
tered by naval aviation. This is the de- 
sign and use of target drone aircraft 

The relationship of the automatic 
airplane to the guided missile is fairly 
obvious. Guided missiles and target 
drones are blood cousins. There has 
been much interchange and two-way 
flow between the design arts in both 
machines. This carry-over of knowhow 
and technique has been of mutual ad- 
vantage to each. 

We in the Bureau of Aeronautics 
consider the target drone of great im- 
portance, first in providing a reasonably 
fast and maneuverable target for mis- 
sile test firing and for maintaining com- 
bat readiness at sea, and secondly for 
the techniques in the art of drone de- 
sign which are applicable to missile de- 
sign. Although some say that it’s not 
the most glamorous part of the busi- 
ness, the true value of the target drone 
cannot be overemphasized. 


Navy Missile Budget Up 

A revealing insight as to the 
growth of guided missiles and the in- 
creasing weight being placed upon 
them by the Navy is seen by a quick 
look at the administrative side of the 
picture. In the past six years, the fund- 
ing for research and development, test 
and evaluation facilities, and procure- 
ment of flight articles have all steadily 
increased. The proportion of this in- 
crease is much greater than the increase 
for like considerations of conventional 
airplanes over the same period. In the 
fiscal year 1951, the Navy budgeted $5 
million for guided missiles. It is esti- 
mated that in fiscal 1957 $209 million 
will be available. This is a rate of in- 
crease of almost 21 to one. In conven- 
tional aircraft, the increase has 
been roughly only three to one, for the 
same period. 

Perhaps the real proof of the im- 
portance of missiles to national defense 
is the fact that a Special Assistant to 
the Secretary of Defense was recently 
appointed to administer the overall 
guided missile program. 

While on the thought of overall 
administration it might be well to point 
out that most of the considerations 
given to guided missiles and rocket ap- 
plications fit well into the normal 
scheme of things for those in the air- 
plane business 

Indeed, a thesis could be fashioned 
drawing out the similarities of airplanes 
to guided missiles or vice versa in all 
the design, manufacture and procure- 
ment phases. Much of the procedure 
and knowhow applies in either case. 

There are inherent differences, of 
course. For one thing, the missile can 
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be designed for optimum flight condi- 
tions. Since it has a boost for take-off, 
and is usually thought of as expend- 
able, the design penalties for carrier 
take-off and landings, and round trip 
radii are not there. Neither is the 
guided missile subject to the ills of the 
human pilot factor; and conversely, 
neither does it have the advantages of 
the human brain. 

Military aviation is under constant 
pressure to maintain or gain advantage 
over potential enemies. This has forced 
aircraft up higher and faster, until one 
enters the true realm of the rocket 
engine. With a practical air defense 
mission to perform, the aircraft must 
have reasonable endurance and meet 
other design parameters. The manifest 
answer is to blend the capabilities of 
the turbo-jet and the rocket engine in 
a combination power plant 

The future of the unmanned air 
vehicle in the fleet must be viewed from 
the vantage point of all these things: 
the past, those presently operational, 
and how we manage administratively. 

First, we expect to far 
out as the next fifteen years, an orderly 
and progressive improvement in all the 
guided missile types that are now oper- 
ational. This would mean that basic 
missions of the guided machine would 
remain intact, such as air-to-air, air-to- 
surface, surface-to-surface, and surface- 
to-air. In all those categories, better 
guidance, longer range, greater reliabil- 
ity, and more effective warheads tail- 
ored to the target will be the trend and 
the objective. 

Secondly, the increased use of 
guided missiles of better performance 
will to some extent affect now standard 
Naval air tactical concepts. The exact 
extent can only be determined in actual 
operation at the time and place of a 
missile’s introduction into the fleet. 

Then, too, for any bold and 
sweeping change in fleet air defense, 
for example, we must look to the en- 
emy’s capability. If he comes up with 
substantial stand-off missile potentials, 
then we must project our intercept 
capability to greater distances accord- 
ingly. Here longer range air-to-air 
missile armament for our own inter 
ceptors would be in order. 

Or, from within our own family, 
if the surface-to-air capability of our 
task forces is good, then these missiles 
will push farther out the fighter and 
intercept screens, requiring better range 
in both planes and missile armament. 


see, as 


Mobile Force Immune to 
Ballistic Missile 

At present the Navy is working 
on development of a 1,500 mile mis- 
sile which we can call the Fleet Bal- 
listic Missile. I am sure that the bal- 
listic missiles, as well as the earth 
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satellite rocket nearing its first 
development flights, Vanguard, mean 
to many of us that the door to rock- 
etry has swung fully open and that we 
are on the threshhold of space travel. 

To the Navy, entrusted for its 
part of the National Defense, the Fleet 
Ballistic Missile fits in another picture. 
Whether it be a weapon of retaliation 
or a deterrent to attack, the Navy will 
be prepared to launch it from an in- 


now 


finite number of locations—at sea 
within reach of most any potential 
target in the world. Conversely, the 


mobility of a Naval force renders it 
relatively immune from attack by the 
ballistic missile, leaving the advantages 
of this overwhelming retaliatory wea- 
pon to the Naval force. 

Any conjecture as to the possibil- 
ity of guided missiles taking over the 
job of task force air defense com- 
pletely must be tempered by an aware- 
ness of the state of the art in missile 
design. The “when and if” of an all 
missile air defense is the when and if 
of a very long range ballistic missile 
which has the proven capability of suc- 
cessfully attacking moving sea targets. 

Should such a ballistic missile ap- 










































Research rocket VIKING-I3 a few seconds after leaving its mat on a preliminary IGY 
research flight from Patrick Air Force Base last month. The VIKING reached 


125 miles. 


pear, it is not unreasonable to antici- 
pate that manned aircraft would give 
way certainly, for this element of de- 
fense, to anti-missile guided missiles. 

For the future, the man in the 
laboratory today increasingly assumes 
the role of the man behind the gun. 
More than ever before the outcome in 
another war would depend on what 
went on in a test-tube, betatron or the 
quiet of a mathematician’s study three, 
five or ten years before 

The age of missiles and rockets is 
the age of the scientist and engineer. 
Progress in the development of new 
materials, fuels and design concepts 
continues to be good, better in some 
cases than we had anticipated two or 
three years earlier. The real advances, 
of course, come with major technolog- 
ical break-throughs as well as in the 
difficult-but-vital day-to-day develop- 
ment of safe, reliable operational mis- 
sile systems. In the latter, the Navy has 
done well. In the case of the former we, 
the U.S. as a whole, excell but we can 
always do better by improving coopera- 
tion and liaison between three services, 
other agencies of Government, private 
universities and industry * 
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U.S. Navy Missile Arsenal 


Manufacturer Designation Powerplant Remarks 





SURFACE-TO-SURFACE 


Chance-Vought REGULUS 1 Allison J33-A-18A In service; nuclear war 
SSM-N-8 jet plus two Aerojet- head, command or self 
General solid rockets homing guidance, subsonic, 
range over 500 mi. 
Chance-Vought REGULUS II Prototypes powered by In production; supersonic. 
Wright J65; production 
models get GE J79 


Lockheed; POLARIS Aerojet solid propel- Under development; inter- 
GE; MIT lant mediate-range fleet ballistic 
missile; can be launched 
from underwater. 
McDonnell TRITON Zip-fueled ramjet + Under development: super- 
booster sonic; Mach 3.5; over 80,- 
000 ft.; range 1500 mi.; 
will fit Regulus submarine 
launching gear. 


SURFACE-TO-AIR 


Convair/Bendix TERRIER Aerojet liquid rocket In service; beam guidance. 
SAM-N-7 + solid rocket Also Terrier I and Terrier 
Il. 

Bendix TALOS McDonnell ramjet + In production; also Talos L 
SAM-N-6 booster for AF and Talos W for 
Army. Late Navy develop- 
ments using zip-fuels to 
have 300 mi. range; Mach 

4.0 speed. 
Convair TARTAR Allegany Ballistic In production; for destroy- 
solid rocket ers, and other small vessels. 





AIR-TO-UNDERWATER 


Fairchild PETREL Fairchild J44 jet Under development; anti 
AUM-N-2 submarine missile; launch 
ed from aircraft. 

Sandia + ? LULU 7 Under development; _§air- 
dropped or surface-launch- 
ed anti-submarine weapon; 
atomic warhead. 





AIR-TO-SURFACE 
Eastman Kodak DOVE ? Under development. 
ASM-N-4 


and -5 


AIR-TO-AIR 


Douglas/Sperry/ SPARROW Aerojet solid rocket In service; also AAM-N-3 
Raytheon AAM-N-2 and N-4, 
Philco SIDEWINDER Norris Thermador; In service; infra-red hom- 
AAM-N-7 Hunter Douglas, Her- ing. Developed by Naval 
cules Powder solid Ordnance Test Station, 
rocket China Lake, Calif. 


























m/r’s personal report from . . . 





Navy Air Secretary Norton... 


... reveals All-Navy FBM Polaris To Be 


Launched From Nuclear 


Balanced Spending Rise For Navy Mis- 
sile Program: High Praise for ABMA 


Assistant Secretary of the Navy for Air Garrison 
Norton told m/r’s editor as he sat down for this personal re- 
port: “I’m new at the job and really don’t have a great deal 
of experience.” His background, however, belies this. Harvard 
graduate, Certified Public Accountant, reserve Naval avia- 
tor and former Assistant CAA Chairman, Assistant Secretary 
of State, Chairman of the Air Coordinating Committee, Spe- 
cial Research and Development Consultant to the Secretary 
of the Air Force and U.S. delegate to many international avi- 
ation conferences, the Navy's 56-year old Air Secretary has 
as good a grasp of his responsibilities in his job as anyone 
we've encountered in Government. m/r considers this per- 
sonal report a vital service to the missiles and rockets industry 
and plans more like it in the future. The Editor. 


Q. Mr. Secretary, what roles do missiles play in the 
Navy today? 

A. The soundness of the planning that we did over 
five years ago is becoming evident. We now have in service as 
operational weapons guided missiles in all categories, air-to- 
air, surface-to-air, air-to-surface and surface-to-surface. In 
the field of air defense, we have two Terrier cruisers. We have 
just commissioned a Terrier destroyer, and we have more 
surface-to-air missile ships in various stages of completion. 
These missiles have increased our anti-aircraft range from a 
few thousand yards to over ten miles. In the realm of air-to- 
air missiles we have missile-armed fighter squadrons employed 
in the Atlantic, the Pacific and the Mediterranean. These 
squadrons are equipped with Sparrow I and Sidewinder. 
These weapons increase not only the range at which our fight- 
ers can knock down enemy planes, but they permit us to get 
shots at planes we could not otherwise reach at all, such as 
those we detect at much higher or lower altitudes. All our air 
defense weapons are supersonic as they must be to cope with 
high performance aircraft we may expect to encounter. Anti- 
aircraft guns are nearly useless against modern aircraft and 
our airborne guns are becoming very limited in this respect. 
In the field of offensive missiles we have submarines, carriers 
and cruisers in both fleets that can launch the Regulus, which 
can carry a nuclear warhead under any weather conditions to 
targets as much as 500 miles away. The Regulus, launched 
from a submarine, gives us a very powerful capability to 
attack completely undetected. The Regulus / is a transonic 
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Submarine: 





weapon, but already we have Regulus I/ flying and that one is 
supersonic. For attack of surface ships we have the Petrel, 
which when launched by a patrol plane can deliver its payload 
from so great a distance that the launching plane is not faced 
with destruction by enemy surface forces. 

Q. What about Navy missiles in the near future, say, 
five years from now? 

A. Well, five years from now, we will see very con- 
siderable changes in the Navy, not only because our missiles 
will be faster, more effective and will have longer ranges, but 
because many of our ships and planes will be missile 
equipped. In five years, we will have the Talos longer-range 
anti-aircraft weapons in many ships. We will have the /nter- 
mediate Range Ballistic Missile, the FBM, in operation. We 
will have vastly improved missiles in all other categories. 


Q. You mean to say the fleet ballistic missile will 
be in operation within five years? 

A. That’s what we expect. 

Q. From submarines as well as surface ships? 

A. Well, we have hopes it will be operational off 
submarines in that period too. 


Q. Will you have to build new submarines for that 
one or can you use existing types? 

A. No, we have to build new submarines for the 
ballistic missile. 


Q. That’s an acceleration of your program, isn’t it? 
You must have gotten more optimistic quite recently. 

A. Yes, we have reason to feel that we are closer to 
an operational Fleet Ballistic Missile now than we felt we were 
a year ago. 

Q. In that connection, Mr. Secretary, just how does 
Defense Secretary Wilson’s November 26 “roles and mis- 
sions” Memorandum affect the Navy's ballistics missile pro- 
gram? Does this mean that the Navy will give its FBM devel- 
opment to another company or to a private agency? Or will 
the Navy continue to work with the Army Ballistics Missile 
Agency (ABMA) and Jet Propulsion Laboratories in this 
project? 

A. Secretary Wilson’s memorandum of the 26th of 
November of this year applied primarily to the roles of the 
Army and the Air Force. It restated the policy of Navy em- 
ployment of all categories of missiles, including the Inter- 
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mediate Range Ballistic Missile. The Fleet Ballistic Missile 
has requirements that are unique to the Navy. For example, 
submarine-launched or underwater-launched weapons have 
special problems, as you can well imagine. Because of the 
proximity of crew to launching platform we need safer and 
extremely reliable missiles. Restrictions as to space and size of 
our ships affect missile design and of course we have very 
strange navigation requirements. During the past year and a 
half the Navy has been studying these missile requirements. 
As a result of these studies the Navy has now revised its pro- 
gram objective. It is still too early to define the contractual 
structure that the Navy may employ in this revised program. 

Q. The revision that you mentioned indicates that 
the Navy will go out on its own, rather than work with the 
Army. 

A. Yes, that is correct. However, the Navy hopes to 
make fullest possible use of the ABMA Huntsville facility. 
As you know, there’s great talent there and we have good 
hopes of running certain parallel approaches in our programs. 

Q. You might give them a contract, then? 

A. Yes, but basically the Navy is now free to ap- 
proach this problem on its own. 

Q. You don't contemplate that ABMA will be dis- 
solved then? 

A. No. We don’t know what the plans are for ABMA, 
but we do know that it is the intention as far as fiscal ’57 
money is concerned to carry on the present Jupiter program, 
and we certainly hope that the very real talents and ability 
available there will continue to be available in some form 
because we think we can make good use of them. 

Q. As of now, then, there is no joint Army-Navy 
Jupiter program? 

A. That’s correct. 

Q. Is the main reason for this the technological dif- 
ferences in the missile itself? 

A. Yes, I would say so. What we want is a device 
that is operational when we get it. We want one we know we 
can go to sea with and use. There have been breakthroughs 
in this business, and we have now come upon a configuration 
which looks very good to us, and which is compatible with 
sea-launching from both surface ships and submarines. This 
missile has been named Polaris. 

Q. You mean under-water launching? 

A. Yes. That is a possibility. 

Q. Dr. Murphree confirmed some time ago that the 
Navy was interested in a solid propellants Fleet Ballistic 
Missile. 

A. Yes. There are obvious advantages to it. 

Q. Are missiles entirely supplementary in the Navy 
today, or have they begun to replace other weapons types, 
such as big guns? 








me 


an operational POLARIS. 


In five years... 
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We need safer, more 


A. The position of missiles in the Navy today is very 
clear. We are committed to converting the Navy to nuclear 
propulsion and guided missiles for a large number of our 
tasks. This, of course, takes time and money, but in order to 
effectively accomplish our mission we must continue this 
effort with high priority. It would not be accurate to say that 
missiles play only a supplementary role, since they are able to 
do many things which other weapons cannot do. In some 
cases they will supplement, and in other cases they will re- 
place current armament. However, until we are able to com- 
plete the conversion of the Navy to missiles, we will see the 
old weapons side by side with missiles for a number of years. 
Guns are being replaced, especially for air defense. In addi- 
tion, certain of our surface-launched air defense missiles will 
soon be given the capability of hitting targets on the surface 
as well as in the air. Then the need for surface guns will be 
very small. We are already planning missile-only cruisers 


Q. Have you stopped buying big guns—heavy rifles 


such as 16-in. guns? 

A. As far as I know we have, yes 

Q. This applies to aircraft carriers as well as other 
surface ships? 

A. Weill. I do know that missile anti-aircraft defense 
is definitely contemplated for our carriers. 

Q. You won't see carriers coming off the ways with 
S-inch, 38-cal. guns sticking out of the side? 


A. I think those days are numbered. Missiles do pose 
some structural problems. You've got to have little bigger 
spaces for the missile launching area and devices than you do 
for the guns. The question of arming our carriers with missiles 
may still be one that is not yet fully decided. In other words, 
there may be some advantages in having missile defense on 
cruisers and so on, around the carrier itself, although I would 
think that the carrier would be bound to be equipped with 
some anti-aircraft missile defense. But the mounting of the 
missile battery is not necessarily the same problem as the gun 
battery. Of course, a carrier, as you know, is such a spe- 
cialized affair and every inch of space on it is so important, 
both on the hangar deck and on the flight deck, that there is 
still some question as to how far they go in missile launching 
on carriers themselves. 

Q. Looking into the future a bit, how will roles and 
missions, tactics and strategies of Naval warfare be changed 
by the advent and development of whole families of guided 
missile types? For example, insofar as strategic missions are 
concerned, do missiles presage the day when the surface car- 
rier groups will be superfluous as a strategic concept? Pre- 
sumably it will be tactically important for some time. 


A. This is looking at the future. The basic mission of 
the Navy is to control the seas and the air above and adjacent 





No joint Army-Navy IRBM program any more. 


reliable missiles. 
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to the seas. You mention both strategic and tactical missions. 
I would like to point out that the U.S. Navy has a very im- 
portant requirement to maintain a strong element of air 
power capable of conducting strategic bombing of not only 
sea targets, but land targets of Naval interest. Therefore, 
carrier air groups will be required for a long time, backed up 
by land and sea based patrol and heavy attack aircraft. In 
the event of a non-nuclear war the use of missiles for bom- 
bardment purposes will be far less than in a nuclear war. 
The higher degree of accuracy necessary in non-nuclear war 
will make the Naval air-striking forces indispensable in any 
such conflict. In nuclear war, it must be remembered, that all 
land bases will be extremely vulnerable to enemy attack by 
long-range missiles, enemy bombers, or sabotage. A mobile 
task force, in a position which is unknown to the enemy will 
be a much more difficult target to knock out. It might well 
be that the carrier task force would be our greatest retalia- 
tory force in the event of a surprise enemy nuclear attack. 


Q. The beginning of the incorporation of missiles into 
the Navy on a wide scale must be raising a number of rather 
worrisome problems: for example, stability in the trained 
military work-force. The cost in turn-over (failure to re- 
enlist) must be much greater in the age of the Regulus, Ter- 
rier, Triton, etc., than it was in the day of the gun. Does not 
this become increasingly true now that industry’s need for 
men with the same training is so great? How does the Navy 
view this problem? What’s it doing about it? 


A. The introduction of any new weapon or any new 
device always creates a host of problems. The problem of 
manpower that you mentioned is a great one to the Navy as 
it is for all the services. In the Navy we strive to develop 
missiles which can be operated by our sailors. We have suc 
ceeded in this to a large degree. We have no contractor's 
representatives or PhD’s on any of our missile ships but 
we do need a very high level of skill among our enlisted 
men. It is remarkable how competent some of our Navy men 
can become. This, of course, is recognized by industry and 
we do have a competition problem. Recently the Navy has 
instituted career appraisal teams that have shown results in 
pointing out to our men the advantages of making a career 
out of the Navy. We also hope that some of the studies being 
conducted on military pay and manpower by groups such as 
the Cordiner Committee will help us in this problem. 


Q. Are there any special logistical problems posed 
by missiles? If so, what are they? What can industry do 
to help solve them? 

A. The logistic problems that accompany the intro- 
duction of missiles to the fleet are not unique but are similar 
to problems faced with aircraft, electronics gear and other 
complex machinery. The replacement of missiles at sea pose 
many technical problems that are being successfully worked 
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. no choice but missiles. 


out. | might add that the aspects of handling, resupplying 
and supporting a missile are not neglected until the time we 
get the missile to the fleet. These factors are given consider- 
able attention from the very inception of a missile program, 
and problems relating to packaging, maintenance, resupply- 
ing, so forth, are solved as the missile is being developed. 
Industry has been concerned with these items concurrently 
with the evolution of the missiles. 

Q. Would you conceivably reach the point where 
you would be transferring missiles to ships the way you now 
transfer oil? In other words, pull a supply ship right up along- 
side and, under way, sling them across? 

A. Oh, I think that is not only entirely possible, it is 
mandatory. I think the ruggedizing of these missiles, for 
example, is one of the main features. I happen to be ac- 
quainted with the Terrier development. That's a remarkable 
case in point. That missile, when it first became operational 
was still a very delicate affair which had to be handled with 
great care. Now, thanks to the use of potting compounds in 
the missile itself plus much more rugged components, the 
missile can be handled almost the way you handle a five- 
inch shell. And this will probably be the general trend. It 
usually is. 

Q. Would you say this concept will apply to all kinds 
of Navy missiles, the larger one as well as smaller surface- 
to-air missiles? 

A. You mean the concept of making them more 
rugged? Yes, indeed. We are, of course, trying to produce 
a weapon here that has a long shelf life and that can be 
handled under sea conditions, under battle conditions and 
that can be handled by sailors. All of these things require tre- 
mendous inherent reliability. 

Q. Do you have any special facilities for inactivating 
shipboard stores of missiles? All these propellants, which 
are highly explosive seem to constitute a considerable hazard. 
Do you have, for example, any special arrangement for 
dumping these things in case a ship gets hit? 

A. I just don’t know the answer to that. I should think 
that it might conceivably be that we at least would have to 
make arrangements for flooding things. 

Q. Are they stored the way you used to store your 
aviation fuels, in a shell of inert gas? 

A. We are trying to get away from these exotic and 
difficult fuels that require special handling. Of course, liquid 
oxygen is a dreadful thing to handle under any circumstances, 
particularly so on shipboard. If you have a good reliable solid 
propellant that can be stored in the same environment with 
conventional high explosive, etc., you would still be in pretty 
good shape, I would think. 

Q. Aside from absolute, no-defense weapons like 
the ICBM, it seems that special evaluation procedures must 
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be required to determine when a missile weapons system is 
“worth more” than a conventional weapons system. First, 
servicing and firing costs would be one yardstick, for ex- 
ample. Has the Navy formalized this relative evaluation pro- 
cedure? Can you say in general terms what form it takes? 


A. Before answering this question, I would like to 
take exception to your “no-defense” statement concerning the 
ICBM. This is an extremely difficult problem, but we are 
working on it and don’t forget that the mobility I men- 
tioned before gives a fleet an all-important passive defense 
to begin with, in that a moving object is not a suitable tar- 
get for a ballistic missile. The question of evaluation is ex- 
tremely important not only from the point of view of costs 
but from the point of view of whether or not the new weap- 
ons system meets the requirements. Let me briefly outline 
how the Navy gets a new weapons system. First, an opera- 
tional requirement is issued by the Office of Chief of Naval 
Operations calling for the development of a certain type of 
device. This is done only after exhaustive consideration of the 
problems by both Naval officers and various study groups, 
either agencies of the Navy, such as the Operations Evaluation 
Group, or organizations under contract to the Navy. Secondly, 
when this operations requirement is issued to the technical bu- 
reaus telling them what to produce, the bureaus themselves 
have continuous evaluation programs during and after the de- 
velopment of the weapon. Finally, when the missile is ready 
for production, it is turned over to the Operational Develop- 
ment Force, which is a fleet unit. This force gives the mis- 
sile a rugged test under actual fleet conditions but with bet- 
ter evaluation facilities. All these evaluation processes con- 
sider costs, manpower required, use of vital materials and 
so forth. We never build missiles just to have missiles. They 
must do a certain job and do it better. In some cases, how- 
ever, we have no choice but to adopt missiles such as in the 
case of the anti-aircraft missiles I mentioned previously. 


Q. Can you give us some idea, Mr. Secretary, just 
how, over the next few years, the advent of missiles will 
effect the various titles under Category II (military hard- 
ware) procurement? We'd like not only to get some percen- 
tage idea of how missile procurement will increase, but 
also how other things like manned aircraft, surface ships, 
submarines, electronics, big guns, etc., are expected to vary. 


A. This is a question I can answer only in general 
terms at the present time. I can say that the missile pro- 
curement will increase over the next few years. Procurement 
of weapons displaced by missiles such as anti-aircraft guns 
will obviously decrease. Weapons supplemented by missiles 
may decrease in number. Within the available funds, as 
determined by higher authority, we will do our best to pro- 
cure and maintain the best balanced force possible for carry- 
ing out the Navy’s missions and tasks, At the present state 
of the art, there are too many variables involved to state 
the exact form that such a force will take. 


Q. Air Force estimates 35% of their budget will be 
for missiles shortly. How does the Navy compare? 


A. I'm fairly conversant with Benny Schriever’s 
activity in the Western Development Division and what's 
involved there alone. And it’s a fantastic effort. Of course, 
there you have the entire ICBM program and one of the 
ultimate IRBM programs. I would think that at least over 
the immediate future, the next two or three fiscal years, 
that the Navy’s missile percentage would not be as high; how- 
ever, you do have to look down the road a little bit, and you 
come to the submarine missile program, which is an IRBM 
program. Taking submarines and missiles altogether, they 
will represent a very substantial percentage of the Navy’s 
total money. The Navy is working along, you might say, a 
triple threat program here, of seaplanes, missile launching 
submarines and fast carrier task forces, and I would think 
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that looking further into the future, it is unlikely that any 
one of those programs would be more than a third of the 
total over a period of years. 

Q. Will the FBM subs be atomic submarines? 

A. Yes, nuclear propelled. 

Q. Just looking at the budget generally, looking at 
missiles, their striking power, or whatever term you want to 
use—do you think you will get more punch per budget dollar? 
Or do you think your budget is going to go up sharply also? 

A. That’s a very hard question to answer. It is one 
that Bob Lovett was greatly interested in when he was Sec- 
retary of Defense. He had a number of studies cranked up to 
try and find out whether we were heading into a fantastically 
high military cost, as some people said, or whether we were 
actually, by virtue of all the new developments, coming to a 
point where the curve would go down. My general impression 
is that the curve is going up and will continue to go up. The 
complexity of these weapons is so tremendous that even 
though one weapon can deliver, for example, the entire ex- 
plosive force which was exerted in World War II, it doesn’t 
follow that you reduce your defense dollar. My personal view 
is that the defense dollar will continue to increase as long as 
we have to have defense dollars at all. 

Q. Will missiles alone have any material affect on 
the number of men under arms, all other things being equal? 

A. I believe the introduction of missiles to the fleet 
will have negligible effect on total manpower requirements 
in the Navy. If we resort to weapons of greater efficiency, 
we may possibly need fewer fire control units. However, the 
complexity of the missile systems may require a few more 
people. In effect, I see little change in total numbers, rather, 
a reorientation in the employing of our men. Our problem 
is one of highly-trained, competent personnei. 

Q. In other words, you can’t say you're streamlining 
the Navy, like the Army is, because of these new weapons; 
that won’t apply to the Navy? 

A. It certainly will apply in the sense that you have 
fewer numbers of ships . . . That’s logical, if the fire power 
of one ship is equivalent to the fire power of a hundred ships 
that we had in World War I1—well, there are chances that we 
have fewer ships. The same is true of aircraft. The same 
might very well be true in numbers of missile launchers 
compared with 15-inch rifles and so on . . . but the dollar 
is another story. My guess is the dollar curve goes up. 

Q. I'd like to throw in a final question, if I may... 
about the Russian submarine threat. Supposedly, they have 
400 submarines and supposedly they have been building 
missiles for their submarines. Do you feel that the Russian 
submarine fleet is as great a threat as has been indicated in 
the press lately? 

A. I don’t think you can exaggerate the threat. The 
number of Russian submarines is somewhere between 500 
and 600. They are producing submarines at the rate of two 
new ones every three weeks. They are concentrating, for 
the most part, as far as we know, on the so-called W-class 
submarines which are the long-range submarines capable of 
operating in the Western Atlantic, for example. We have no 
reason to think that the Russians are not also working hard 
on nuclear propelled submarines and missile launching sub- 
marines. We feel that the Russian submarine threat to the 
United States, as I say, cannot be exaggerated. 

Q. Do you think that the Russians are ahead of us 
in missile launching submarine development? 

A. We'd like to know much more about the Russian 
submarine ffeet than we do, along with the rest of the Rus- 
sian military effort. Personally, based on what I have heard, 
I’m inclined to think that we are ahead of the Russians in 
submarine construction and in missile launching capability 
in submarines. * 
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Need for Space Flight Know-how 


Vital Unknowns of Flight Beyond the Atmosphere 
Can Only Come from New Research Methods 


By Cdr. George W. Hoover, USN 


Behind the production of ships and 
planes and weapons is a vast research 
and development program. Paraileling 
this type of research is an almost equally 
large program to keep the fighting men 
alive, not only in the face of enemy 
weapons, but against the adverse effects 
of nature as well. 

These adverse effects are some of 
nature’s stumbling blocks placed in the 
path of man’s progress, such as his con- 
quest of high speed, high altitude flight. 
The results of this type of research are 
not only advantageous to military knowl- 
edge, but are equally effective in the 
advancement of civil aviation. This is 
particularly true now with the advent of 
jet transport aircraft, and will be even 
more so as aircraft begin to fly beyond 
the atmosphere. 

Out of these research programs 
have come many test aircraft, each a lit- 
tle faster than its predecessor and each 
capable of reaching a higher altitude. 

In August 1947, the Douglas Sky- 
streak set two records at Muroc, Califor- 
nia; the first 640.7 mph and the second 


five days later, 650.6 mph. December of 
1947 brought forth the Bell X-1 which 
set several records in excess of the speed 
of sound. 

Douglas came back in August of 
1951 with the Skyrocket, D558-II, which 
established a speed of 1238 mph and an 
altitude of 79,000 feet. In August of 
1953 this record was exceeded by the 
same Skyrocket which reached an alti- 
tude of 83,235 feet and in November 
1953 a new speed record of 1327 mph 
was made. 

The Bell X-1A followed the Doug- 
las flights by setting a record of 1650 
mph in December 1953. The X-2, the 
successor of the X-1A crashed in Sep- 
tember 1956, but not before setting 
records of over 2100 mph and an alti- 
tude of 126,000 feet. Recently the an- 
nouncement was made of a new research 
aircraft which will be capable of even 
higher speeds and altitudes. 

As you can see from the record, 
man is definitely outward bound—but 
not before some means is developed to 
give us the vital answers to the multitude 
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of unknowns required to make manned 
space flight possible. 

Technological advances in power 
plants and in aerodynamics have indi- 
cated that aircraft capable of carrying 
men completely beyond the earth’s pro- 
tective atmosphere are not only feasible 
but probable within a very short time. 
One feasibility study, made to determine 
the possibility of an aircraft capable of 
such performance, indicated that alti- 
tudes in excess of 500,000 feet were pos- 
sible with speeds approaching 4,000 
mph. Such an aircraft could be used to 
study methods of re-entering the atmos- 
phere, study insulating coatings, provide 
experience in space flight, and stimulate 
development of better rocket engines. 


Many Problems, Little Data 


Further studies have indicated that 
not only are there many problems, but 
that very little data is available in many 
of the critical areas. 

As an example, in the field of Geo- 
physics and Astrophysics the problems 
of protecting man and his machine are 
relatively unanswered. Solar radiation 
will affect the structures and materials, 
the instrumentation, and the man him- 
self. Cosmic radiation effects must be 
neutralized. Meteroids will cause dam- 
age to the machine by surface effect or 
direct collision. The chemical state of 
the atmosphere will affect structures, ra- 
dio communications, aerodynamics, and 
will create problems due to the accumu- 
lation of charge on the machine. Winds 
and turbulence will raise problems in the 
guidance and the stability of the craft. 

Each of these problems must be 
studied by actually measuring the effects 
in order to determine methods of pre- 
venting damage to both the machine 
and the occupant. 

In the field of Aeromedicine similar 
problems must be studied. There are 
problems of living in a gravity-free state 
effecting orientation and those of the 
psychophysical condition of the man. 
Cabin environment must be studied in 
order to be able to maintain proper tem- 
perature, oxygen supply, noxious gas 
absorption, noise and vibration, and suf- 
ficient food for the crew. There must be 


47 





provision for control during emergencies, 
escape from damaged vehicles, and safe 
decleration on re-entry. 

G-force position and time, as well 
as total capacity must be studied to 
answer the problems of acceleration and 
deceleration. Effect on vision due to high 
contrast, gravity and gyroscopic action 
must be understood in order for man to 
operate efficiently. The man-machine 
system must be studied to determine the 
physical and psychological requirements, 
the training requirements, and the extent 
of required control. 

Here again in this field a means 
must be developed to obtain the infor- 
mation necessary to make man’s exist- 
ence in space possible. And not only in 
this field, but in Guidance and Control, 
Communications, Propulsion, Auxiliary 
Power, Structures and Materials, Aero- 
dynamics, Re-entry, and Launching and 
Landing. In all of these fields, many tests 
and evaluations must be made before 
sufficient knowledge will be obtained to 
try manned flight into space. 

As a matter of fact, present studies 
indicate that in the field of Guidance and 
Control, we know about 40 per cent of 
what we should know in order to send a 
manned ship into space. In Communica- 
tion we know about 60 per cent of what 
we need. In Aeromedicine we have less 
than 10 per cent of the required knowl- 
edge and in Launching and Landing we 
know practically nothing. In other areas 
we are about as badly informed. This is 
not because we are not looking for an- 
swers, but because there has been no 
way to obtain the required knowledge. 


New Research Tools Needed 

Present methods of gathering re- 
search data are inadequate. Ordinary air- 
craft cannot fly high enough to measure 
the environment in which these aircraft 
of tomorrow will operate. Rocket pow- 
ered test aircraft, although having the 
capability of achieving extremely high 
altitudes and speeds, can only gather 
data for seconds of time. This is due to 
the short duration powered flight. 

Even high altitude rockets, capable 
of attaining extremely high altitudes can 
only provide minutes of data gathering, 
and then only for a few answers at a 
time. With the number of answers re- 
quired, this becomes a rather expensive 
method of obtaining the necessary infor- 
mation. High altitude balloons, although 
capable of remaining aloft for hours at 
a time, can only reach the top fringes of 
the atmosphere, beyond which lies most 
of the unknowns. 

In other words a means must be 
utilized which will give long periods of 
measurement time at extremely high alti- 
tudes at very high speeds. 

New research tools must be devel- 
oped which meet these requirements, and 
these research tools will be satellites. 
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In less than a decade the flight environment of man-made vehicles has progressed from 
subsonic and under 100,000 feet to Mach 19 and over 650 miles up. 


Not just one, but a long series of satel- 
lites, each gathering more and more in- 
formation, until all the answers are ob- 
tained. Actually the satellite is not an 
outgrowth of Science Fiction, but is just 
a logical step in a very normal research 
program, the results of which will be 
beneficial not only to our nation, but to 
the entire world. A satellite is the only 
space research tool capable of being de- 
veloped at this time to permit man to 
learn more about himself, the world, and 
the planetary system in which he lives. 

In addition to the basic scientific 
data which will be gained from the early 
satellites, more and more instrumenta- 
tion will be included as the satellites are 
enlarged, and information will be gath- 
ered in order that man can learn how to 
penetrate space and return safely. 

Studies of the launching techniques 
of the satellite missiles will give us neces- 
sary information as to the acceleration 
forces to which man will be subjected in 
his take-off from the earth. 

The trajectories and paths of the 
satellites as they enter their orbits will 
tell us much about the control which 
will be necessary in order to place a 
manned ship in its orbit. Much will be 
learned about the problem of placing 
two vehicles in the same orbit, for ren- 
dezvous in space will be considerably 
different than in the atmosphere. In ad- 
dition to these data, information can be 
obtained to determine the man’s share in 


operating the equipment and the amount 
of full automation required. 

Launching a series of satellites will 
tell us what we need to know about 
power requirements, not only for pro- 
pulsion, but internal power as well. 

The relay of information will test 
existing communication techniques as 
well as define the requirements for new 
methods. The use of digital techniques, 
data links, television, and methods of re- 
lay are only some of the many experi- 
ments which can be carried out. 

Medical experiments will undoubt- 
edly be of top interest in the early satel- 
lites. The effects on human beings can 
be extrapolated from telemetered data 
as well as from the recovery of animal 
subjects. Almost every part of the satel- 
lite and launching vehicle can be used in 
the aeromedical aspects of space flight. 
Later satellites will be returned to earth 
through the use of retro-rockets, drag 
techniques and parachute devices. These 
will give us the answers to the re-entry 
problems and the return and landing. 

Man will fly into space just as the 
Wright brothers flew the first aircraft. 
The satellite will show us the way—first 
unmanned, then manned, and finally 
orbiting observatories and space stations. 

[Opinions expressed in this article 
are those of the author and are not 
to be construed as official or as re- 
flecting the views of the Navy Dept.| 


missiles and rockets 





Ja 











L 


it 


it 


)- 


st 
iS 


Ss ow wr’ oS 


Formal recognition of the In- 
ternational Astronautical Federation 
as a consultative Non-Governmental 
Organization (NGO) of the United 
Nations Educational, Scientific and 
Cultural Organization (UNESCO) 
now seems virtually assured. 

A two year delay in final ac- 
tion, however, appears to be unavoid- 
able. Progress to date is due mainly 
to the efforts of Andrew G. Haley, 
General Council and a Director of 
the American Rocket Society and 
Chairman of the International Af- 
fairs Committee of the IAF. 

Once space travel becomes a 
common thing, almost from the first 
of manned space flight in fact, a 
number of thorny international le- 
gal problems are bound to arise. 

These include flight over sover- 
eign territory—how high is up- 
problems of radio channel alloca- 
tion throughout a wide range of 
frequencies; satellite navigational 
control; weather monitoring, etc. 

It is obviously desirable that 
the machinery for sorting out these 
problems be in existence before they 
occur, rather than have to be jerry- 
rigged afterwards. It also seems de- 
sirable to set up this machinery in 
already-recognized, established inter- 
national bodies. 

For this reason, there has been 
a considerable effort during the past 
few years to link up the IAF with 
the UNESCO. Recently considerable 
progress has been made. 

Elected at last September’s 
Rome meeting of the IAF as that 
organization’s official delegate to the 
%h General Conference of 
UNESCO in New Delhi, Mr. Haley 
spent two weeks last November in 
India pushing for consultative status 
for the IAP. 

IAF feels that with manned 
space flight now assured in the prox- 
imate future a proper grounding 
now for UNESCO will prevent a 
lot of headaches later. Mr. Haley’s 
reputation is as one of the country’s 
foremost authorities in the growing 
field of space law. 


UNESCO Status Voted IAF 

In New Delhi, NGO cooperat- 
ing status for the LAF was motioned 
by Prof. Shemuel Sambursky, dele- 
gate from Israel and personal friend 
of Mr. Haley and Dr. Theodore von 
Karman. About a dozen organiza- 


IAF AND UNESCO 


tions were proposed for membership 
in this category. All were approved 
in one vote by a small margin. 

Mr. Haley reports that one of 
the biggest stumbling blocks has 
been UNESCO's inability so far to 
agree on the conditions of NGO 
status. It was for this reason that 
on the day following the vote for 
admission, this action was revoked. 
Mr. Haley, having departed India 
on the evening of the first vote, Prof. 
Sambursky carried on the fight. In 
a letter, he writes: 

“In spite of this reversal, | took 
the question up in the program 
commission under the chapter, Co- 
operation with International Or- 
ganizations of the Natural Science 
Department. I formally moved that 
UNESCO's Secretariat study the 
possibility of cooperation with the 
IAF, especially of consultation be- 
tween UNESCO experts and the 
scientific committee of the IAF on 
all the problems of space flight and 
astronautics. Prof. Pierre Auger (As- 
sistant UNESCO Director) was 
asked by the Chairman what his 
attitude was, and he replied in the 
affirmative, whereafter the matter 
was passed without opposition.” 

Preliminary negotiations are 
now under way for working out 
areas of cooperation between IAF 
and UNESCO. The former has 
agreed to bear the costs of these 
early studies, if necessary. It seems 
that by the expiration of the two 
year delay now required for any new 





admissions, most of the groundwork 
will have been completed. 

In this connection Mr. Haley 
says: “The inauguration of the pro- 
gram in a peace and uncomplicated 
manner is a great achievement of 
scientists throughout the world.” 

On his way back to the United 
States, Mr. Haley stopped off in 
Athens, and there gave a lecture on 
the current problems of astronautics 
and showed movies of developments 
as the dinner guest of King Paul and 
Queen Fredericka of Greece 

The Queen, Mr. Haley reports, 
shows great interest in the field, along 
with her brother, Welf Heinrich, 
Prince of Hanover. The latter, like 
Mr. Haley, is an accomplished au- 
thority on space law. Other guests at 
the dinner included the Chiefs of 
Staff of the Greek Armed Service, the 
Minister of Defense, U.S. Am- 
bassador George Allen and other 
embassy officials. 


Films Draw 700 


One showing of these films in 
Paris drew an audience of more than 
700 people which, Mr. Haley sug- 
gests, is a good measure of the grow- 
ing interest throughout the world in 
the field of astronautics. 


The ARS director’s films are 
currently being shown in other cities 
throughout France under the aus- 
pices of the French Astronautical 
Society, whose President, General P. 
Bergeron, plans to visit the U.S. dur- 
ing the latter part of January 





Internationalist Andrew G. Haley and Soviet space man Leonide Sedov at last 
September's Rome meeting of the International Astronautical Federation. 
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EDUCATION ... 


... for the Missile Age 


How different the criteria? 


T IS OBVIOUS that education be- 

gins in the primary grades. It is per- 
haps not so obvious that the inspiration 
of the teachers and the quality of the 
subject matter taught in these early years 
are the mainsprings for the responsive- 
ness and interest of a young person in 
the very important later high school and 
university years. 

There is presently a great furor in 
this country about the lack of teachers, 
school physical plant, and money to pay 
the one or build the other. We have the 
paradox of a society composed of tax- 
payers who piously wish for these ele- 
ments of education, but who are not 
willing to pay. Instead, they pour bil- 
lions of dollars each year into vast 
amounts of “necessary” commodities, 
such as liquor and automobiles. 

Educators and teachers are faced 
with the prospect of bringing up and 
educating the maladjusted offspring of 
those taxpayers who, in most cases, 
should be doing at home much of the up- 
bringing left to the schools. 

The great missile age is about to 
descend upon us. This will demand a 
generation of young people trained in 
the fundamentals of science and ancil- 
lary subjects. These very subjects are 
often bypassed in the frantic scramble to 
process every pupil as fast as possible 
through the school mill. 

All this is enthusiastically endorsed 
by the parents who do not wish to see 
their progeny burdened with any intel- 
lectual exercises. Universities, especially 
those in the upper ranks of scholarship, 
often have difficulty in adapting their 
students to the rigorous curriculum 
which these good universities demand. 

Those students who wish to enter 
the field of guided missile technology 
must be prepared to have a good ground- 


How different the curriculum? 


By Kurt R. Stehling 


Head of Propulsion, 
Project Vanguard 
Naval Research Laboratory 


ing in physics, chemistry, and mathemat- 
ics. They should not have their thought 
processes cluttered with too many gen- 
eralities—liberally spread on by tech- 
nical colleges who believe a student's 
education is directly proportional to the 
total number of technical subjects he has 
studied. 


Industry Must Share Burden 


However, it must also be said that 
industry, particularly the guided missile 
industry, must share the burden of in- 
spiring and training young people for 
this very complicated business. So far, 
industry has played only a meager part 
in this scheme, although many industri- 
alists are the first to scream about the 
lack of engineers and physicists. 


Yet, the aircraft, missile and com- 
ponent industry is partly responsible for 
this shortage of scientific workers: 

1—Industry lets the schools do all 
the educating without much “on-the-job” 
training. The supervisory and managerial 
personnel, often haphazardly and slop- 
pily trained in their functions, are busy 
empire building. They cannot, even if 
they wished, take a young person and 
lead him through the jungle of paper 
work complexities which cover the aver- 
age engineering department. 

2—Cost-plus contracts and empire 
building seem to favor the sucking in of 
“bodies” (a cynical generic term now 
widely used) without fitting these “bod- 
ies” into a proper niche and making the 
best use of them. Therefore, we often 
have three people doing the job of one. 
Meantime several other extras must un- 
do the miasma of wasted effort intro- 
duced by this last useless group. 

3—tThe same situation has the fur- 
ther effect of permitting industry to 


raid the staff of the very universities 
which supply the graduates industry 
needs so badly. The attitude is “Let's 
hire a few PhD.’s to build up our per- 
sonnel roster on contract proposals.” 
Many of the universities, therefore, have 
difficulty in maintaining their staffs, es- 
pecially with the better people who have 
made names for themselves through pub- 
lication and research. Those men who 
have been seduced from their campus 
positions by the lure of greatly increased 
salaries are often thrown into the wilder- 
ness of industrial operations without be- 
ing especially fitted for this atmosphere. 


Conflict Tough To Solve 


There is nothing wrong with the 
premise that our technical colleges and 
universities should serve industry and 
the community at large. And they must 
maintain their contacts with industry if 
they are to sustain a fresh viewpoint. 

What is wrong, however, is the hir- 
ing of these research workers and schol- 
ars on a full-time basis, thus killing the 
goose that lays the golden egg. Again, 


this would not be so bad if these teachers | 


found themselves in an amendable en- 
vironment; but since many are first and 
foremost teachers, their best talents are 
not compatible with the fast-moving re- 
quirements of industry. 

What then is the answer? Should 
the universities try to raise salaries to in- 
dustrial levels? Should they permit more 
outside consultation by the faculty? Or 
should they encourage industry to build 
research centers on the campus to enable 
the faculty to work in two places at 
once? 

In the case of the first question, it 
must be obvious that most universities 
in U.S. have neither the endowment nor 
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wherewithal to pay industrial salaries. A 
few of the wealthier institutions could, 
perhaps, approach this by reducing the 
faculty and accepting more government 
or industry-sponsored research, and an 
increment above academic salaries. 

Indeed, many technical institutions 
are so loaded down by outside contracts, 
usually government, that the scientific 
faculty in its eagerness to make a little 
more money spends as much time work- 
ing on these sponsored contracts as on 
teaching. Yet teaching should surely be 
the prime objective of a university. In- 
cidentally, a very undesirable by-product 
of research is the inequity which is pro- 
duced in faculty salaries in an arts and 
science institution. After all, the profes- 
sor of ancient history, arts, English, phi- 
losophy, etc., can hardly expect a re- 
search contract which will increase his 
regular salary, although an altruistic gov- 
ernment agency will sometimes hand out 
such a small research contract. 

Of course, the arts faculty ought to 
live with the ugly realization that it has 
no industrial salary scale to live up to 
since industry is not yet in the habit of 
hiring historians, philosophers, and stu- 
dents of English, although it ought to be- 
gin to do so. 

The second question asked was 
“Should the faculty be allowed extra con- 
sulting time to implement their salaries?” 
This, of course, is widely done at pres- 
ent and is perhaps the least painful way 
to aid the industry and university 
through the feedback so obtained. How- 
ever, the amount of consulting can eas- 
ily become excessive and too often tran- 
scends into a full time job in industry. 

The last question, i.e., whether uni- 
versities should permit the building of 
engineering research laboratories on the 
campus, can be answered by pointing 
out that this is presently happening at 
such institutions as Massachusetts Insti- 
tute of Technology, University of Cali- 
fornia and University of Chicago. There 
is no question that the campus atmos- 
phere attracts many missile engineers 
who think fondly of their college days 
and often tire of industry’s pace. 

Several missile firms, such as Lock- 
heed, have taken advantage of this rec- 
ognized feeling by moving research labs 
close to a university campus. At the 
same time they have the advantage of the 
proximity of a scientific institution with 
all its resources of faculty, laboratories, 
and libraries. 


Missile Age Demands a New Man 


The missile age will demand a new 
man. He must be educated not only in 
the superficialities of college curriculae, 
but he must be grounded in the funda- 
mentals of physics and other branches of 
science and mathematics. 

We tend to produce today an over- 
trained engineer who is only partly 
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educated. The ability to write a clear and 
concise report, the ability to reach the 
fundamentals of a problem without a 
great crowd of redundant material is an 
important one. The growth towards spe- 
cialization is becoming an obsession. 

Many young engineers, and old 
ones too, are afraid to express them- 
selves in a field other than their own nar- 
row one. There is open jealous compart- 
mentalization of the various enterprises 
on missile projects. The top missile en- 
gineer should be encouraged to cut 
across party lines and make contribu- 
tions where he can—whether it be pro- 
pulsion, guidance and control, structures, 
electrical and telemetering or dynamics. 

Some of these fields, such as solid- 
state physics, metallurgy and cryogenics, 
are often neglected or underpopulated— 
both at the university level and beyond 
—because many students take the easier 
and more glamorous courses. Yet metal- 
lurgy, for example, is becoming a crucial 
factor in this age of super-jet engines 
and high pressure rocket engines and 
gas turbines. 

Another interesting area with great 
potential is that of ceramics. Only two 
or three universities in this country have 
the study of ceramics as an undergradu- 
ate and graduate specialty. The mis- 
sile age will demand trained and experi- 
enced men in such areas as ceramic 


rocket thrust chamber design, aerody- 
namic-heat resistant coating, “cermets” 
and ceramic coated turbine blades, acid 
resistant coatings, etc. 

If a typical missile is divided into its 
major domains it is possible to point to 
either a major course of study required 
or to the kind of engineer who is do- 
ing such work or who should be. 

It is not yet apparent whether the 
complete missile engineer of the future 
will be a finished product of some mis- 
sile engineering curriculum or whether 
he will, as at present, “grow” into the 
job. Although some universities have 
missile engineering courses as part of 
an aeronautics curriculum, industry is 
presently fitting non-aeronautical en- 
gineers into many positions which may 
some day be filled only by recognized 
missile engineers. 

The missile engineer of the future 
will need a thorough grounding in only 
the fundamentals of physics, mathemat- 
ics and chemistry. He must have a sense 
of dedication and enthusiasm and an 
awareness of the mighty potential of 
missile technology—space flight. Then 
will he be an astronautical engineer. * 


[Opinions expressed in this article 
are those of the author and are not 
to be construed as official or as re- 
flecting the views of the Navy Dept.| 











Seventeen-year-old rocketeer Jimmy Blackmon receives advice on propellant flow 

from some of the nation's top rocket engineers at the American Rocket Society 

annual meeting. Jimmy had just received the $1,000 Chrysler Corp. award for his 

basement-built rocket. “Now | can go to college,” he said. Chrysler is to be con- 

gratulated for instituting this annual award, for if the shortage of engineers is critical 
in aviation, it's catastrophic in the missile industry. 








5! 















Versatile Regulus Now Operational 


Factory checked, canned Chance-Vought 
Regulus leaves Dallas for parts unknown. 


A big bird and quite conventional, this 
atomic missile is ready for war today. 
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Drag chute flares as chase planes guide 
test/training Regulus to safe landing. 









At first glance, the Chance-Vought 
Regulus is a very ordinary unsensa- 
tional missile. It’s a nine year old pro- 
gram. So it’s not new. It’s an air- 
breather; is subsonic; and has a range 
of well under 1,000 miles. But there its 
plainness ends 

This undramatic approach to the 
very dramatic postwar business of 
guided missiles is paying dividends with 
interest compounded. For example: 

—lIt is fully operational, can deliver 
an atomic warhead over 500 miles 
away under any weather conditions. 

It works as well on land, surface 
ship or submarine. 

—There are even unconfirmed re- 
ports that it has been tried as an air- 
to-surface missile in tests from a B-52 

In the fleet the on target success 
probability of each launch is 0.91, which 
must be some kind of record for a medi- 
um range missile. 

Guided Missile Group II at Chin- 
coteague, Va., has completed over 100 
launchings since it was formed in Sep- 
tember, 1955. 

And in most of these cases the 
bird flew home and landed to be 
studied and used again, because train- 
ing and testing versions carry retract- 
able wheels instead of an explosive 
payload. This compares, for example, 
to the $70,000 that’s splashed every 
time a Matador is launched. 

—Initially guided by a chase plane, 
Regulus can now also be ground di- 
rected to its target and will soon be 
equipped with self-homing equipment. 

That’s Regulus I, the Navy’s fully 
operational medium-range 
surface missile. 

Now Reeulus Il is 
page 42 for artist’s conception). Soon 
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Below—Wings tucked in, Regulus reports 
aboard submarine to make lethal team. 
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. works as well on land as it does at 
sea as this picture series of a 


JATO take-off at Navy's Chinco- 


teague missile center show. Also 





Regulus now needs no chase plane but 
can be ground guided from these trailers 
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Like its manned cousins, this versa- 


tile bird doesn't need JATO 
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‘ uses conventional steam catapulting 
gear plus inexpensive disposable dolly . 


that splashes off carrier's bow as 
airborne Regulus streaks off to target. 
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One bird slides easily from twin cacoon on submarine'’s deck while second 






missile waits for it to clear before rolling down and around to the ready. 


to be operational, this improvement is 
supersonic and has greater range. It will 
require only slight modification to fit 
current Regulus 1 (submarine equip- 
ment and like its older brother, its got 
wheels for training and testing. 

The secret of success of the Regu- 
lus program makes very interesting 
reading. Being a relatively simple con- 
ception in its original form, more time 
was available in the beginning to de- 
velop an operational missile system. 
Less had to be spent chasing down 
some of the more exotic bugs that 
infest our hypersonic and ballistic ef- 
forts. Once the system itself was perfect 
ed, improvements came naturally. 

In all its life, Regulus has flown 
fewer than 300 hours, but they were 
hours well spent. For if something 
went wrong with a flight, in most cases 
is was possible to direct the missile 
back to base for a wheels-down land- 
ing. Then the recalcitrant circuit, the 
twisted mechanical linkage or the over- 
heated tube could be chased down and 
studied in detail. How many Northrop 
and Air Force engineers would rather 
have a whole bird in the hand than a 
twisted wreck in the Brazilian bush? 

Not only did this advantage of 
being able to recover the missile intact 
enable early perfection, but it also ex- 
pedited improvements for the same rea- 
son. What’s more, of course, it saved 
the American taxpayer a lot of hard- 
earned dollars 

The Navy figures that even if the 
current Regulus amounts to little more 
than a highly successful unmanned 
Kamakazi, it has gained a good sound 
reliable missile system on which it can 
build effective future generations. For 
after the Reeulus Il will come the Tri- 
ton—a “zip” fueled, ramjet powered 
bird with a 1500 mile range at speeds 
approaching Mach 4.0, a natural out- 
growth of 100 per cent complete 
Regulus knowhow * 





Cacoon door closed, Regulus is quickly 
mounted, elevated and ready to fire... 





. and as JATO smoke and fire obscures 


conning tower, the 
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Too Many Pushbuttons 


HE NAVY CHIEF entered the 

block house at the White Sands 
Proving Ground, New Mexico, to wit- 
ness his first guided missile firing. Four 
hours and two aborted launching at- 
tempts later, he summarized his views 
—“I know why you can’t make it work; 
too many pushbuttons!” 

It was an obvious remark to make, 
but its true implication is of vital im- 
portance to the nation’s defensive 
strength. In fact, the remark can be 
used as a very serviceable definition of 
the greatest remaining problem in the 
development of practical missile weap- 
ons—usability. Unless these complex 
weapons are simplified and made reli- 
able, our arsenal will be stocked with 
impressive but useless machinery, total- 
ly beyond the comprehension of our 
men in the service. 

To this end, industry and all the 
procuring services are placing top pri- 
orities on reliability, simplicity, safety 
and similar practical characteristics for 
guided missiles. While there is no pat 
answer to the problem of achieving re- 
liability and simplicity in guided mis- 
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siles, there are giant steps in philosophy 
that approach this goal. 

Before defining these steps, the 
goal must be defined in meaningful 
terms. For instance, if a Task Force 
Commander is about to launch a close 
support missile over his own ships, how 
safe should he insist that it be? If he 
demanded that no more than one mis- 
sile in 5000 would fail disastrously, this 
would not be unreasonable. Translate 
that kind of reliability to an automo- 
bile. Taking one trip a day, we could 
then expect almost fourteen years of 
untroubled driving. 

Understanding the need for this 
kind of reliability is simple. Achieving 
it in the battle area is something else 
again! The classical methods fall into 
four categories. 

Redundancy is one of these, but 
two of everything adds weight, cost and 
complexity. It means that a missile soon 
gets uneconomical, unwieldy and be- 
yond the ability of a sailor to cope with 
the maintenance and operation of its 
complex circuitry. In some cases, how- 
ever, this is the only practical way out. 


The second approach is through 
“fail-safe” design. Reliability, as such, 
is not considered to be all important 
here. If a component fails, it does so in 
a manner designed to prevent catastro- 
phic failure of the weapon system. 
Again, this is not the best answer, since 
it could result in substantial numbers 
of “duds”—as safe for the enemy as 
for our own troops. But in many in- 
stances, it is the only answer. 

The most direct, and hardest ap- 
proach to reliability is to simplify: sim- 
plification holds the greatest promise 
for the future of truly practical missile 
weapon systems. The fewer the parts, 
the fewer potential failures, and the 
fewer the parts, the easier the system 
is to cope with. The means for the cre- 
ation of reliability, simplicity will be- 
come the guide lines for all missile 
men. There are any number of reasons 
why it is extremely difficult to simplify, 
but it is an old saying that the most 
worthy accomplishments entail the 
hardest work. 

First problems of simplification are 
the limitations in the “state of the art.” 
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In essence, this means that no one 
knows how to do it and/or no one has 
ever done it before. Assume, for ex- 
ample, that the problem at hand is to 
design an extremely accurate guidance 
system for the intercontinental missile. 
The first demonstration of feasibility in 
the laboratory might be the wildest 
dream of the scientist. He cannot and 
must not be bothered by the fact that 
his first breadboard circuit in the lab- 
oratory may not be simple or reliable. 
And no manager in his right mind 
would attempt to force such considera- 
tions on a truly creative mind. Devel- 
oping increased simplicity and reliabil- 
ity in such a device is, in fact, another 
break-through in the state of the art. 

Industry’s answer here is to apply 
the ingredients of time, money and spe- 
cialized talent to the simplification 
problem. The talent in this case, how- 
ever, cannot be of the same type as the 
creative scientist. The simplification en- 
gineer must be dedicated to the rework- 
ing of others’ creations so that the de- 
sign will be compatible with the condi- 
tions of their ultimate use. Right now, 
these men are a rather rare breed, some- 
what like operations research men and 
hypersonic aerophysicists. But as the 
need increases, the breed increases, 
yielding to the old law of supply and 
demand. It has been General Electric’s 
experience that when we can’t find 
them we have to make them. 

The military service too has an 
obligation in the solution of this prob- 
lem. It must conscientiously and regu- 
larly reappraise the military character- 
istics of each weapon in the light of the 
developer’s progress and other new 
facts that have become known. It is 
also important that the Services differ- 
entiate between what would be nice to 
have and what they must have. 

A typical example here might be 
the classic conflict of accuracy versus 
simplicity. The Army, for instance, has 
specified that a certain guided missile 
must be just so accurate. Should the 
nuclear efficiency of the warhead later 
be improved to yield a greater de- 
structive force, it may mean that a re- 
laxation of the missile accuracy re- 
quirement is possible. 


Simplified Assembly and Testing 

Achieving simplicity in the original 
design is obviously the brute force 
method. Because it is a direct ap- 
proach, it will undoubtedly be the most 
fruitful over the years. In the mean- 
time, there are other constructive 
methods which can be employed to 
ease the problem. 

One such approach to the problem 
of simplicity is the employment of ad- 
vanced packaging and modular tech- 
niques. In missiles, the added cost 
of this kind of assembly is not pro- 
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hibitive. The initial design and manu- 
facturing cost of any given part of a 
guided missile is completely lost in the 
cost of transporting, storing, maintain- 
ing and firing the weapon in the battle 
field. Further, the cost of the missile’s 
atomic warhead is tremendous. 

Add to these the true cost of a 
failure of a guided missile at a critica! 
time in a battle, and it is quite ap- 
parent that it is truly economical to 
employ the most advanced and ex- 
pensive modular techniques possible in 
the design of current missile weapons. 

Very closely allied to the employ- 
ment of advanced packaging techniques 
is the development of proper field test 
and maintenance equipment. The need, 
as always, is obvious, like the case of 
such important field equipment as a 
beer can opener at a picnic. In many 
ways, it is possible to substitute cali- 
brated equipment for calibrated men. 
In military terms, this means that the 
average GI or sailor with the proper 
equipment can do the job of checking 
out a guided missile and then specifying 
the required maintenance. 

All attempts to indoctrinate mili- 
tary personnel in the complexities of 
development-type te sting procedures 
ended in abject failure. Weapons that 
were supposed to be in “hit and run” 
warfare suddenly required days instead 
of hours to set up, and still did not 
demonstrate a shred of the reliability 
that was originally required of them. 

Getting the scientist responsible 
for missile development to stand still 
long enough to consider the testing 
problem is the toughest part of this 
approach. Second hardest is the con- 
vincing of the procuring service that 
high and early expenditures together 
with minor delays in the missile pro- 
gram are truly necessary to surround 























Redundancy... 


the field equipment problem. But in 
each instance of proper attention to 
test equipment, the post mortem analysis 
more than justifies the effort. 

When the latest in packaging tech- 
niques is coupled with truly tactical 
field test equipment, the problem of 
detecting and correcting malfunction in 
even the most complex equipment 
becomes a matter of observing either 
a red or a green light, followed by 
the replacement of a modular unit. 

This utopian condition, however, is 
not particularly easy to achieve. First, 
a test method must be devised which 
is valid, sufficiently accurate, and re- 
peatable. Further, the test equipment 
must be designed to standards similar 
to or even more exacting than those 
imposed on the guided missile. Lastly 
the tester shall be simple, reliable, easy 
to operate, and self-calibrating. 

There can be no such things as 








Missile reliability of 
4999 out of 5000 


fourteen years of untroubled 
driving in the family car. 
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Fail-safe design... 


testers to test the tester. It is significant, 
however, that tremendous advances 
have been made in the art of testing. 
Entire missile systems can now be 
tested remotely and automatically 
throughout a simulated flight pro- 
cedure. The resultant go or no-go in- 
dication is then sufficient information 
for the operator to press the firing 
button or to call the maintenance man. 
Since the feasibility of this type of test- 
ing equipment has been demonstrated, 
it now remains for the military services 
to insist on test equipment considera- 
tions from their contractors from the 
outset of research and development on 
a missile weapon. 


“Horse Sense” Helps Too 

In all the approaches thus far, the 
answer has appeared to be the result 
of time, money and manpower. There 
is another which required none of these. 

Early in one missile program, 
for example, engineers were confronted 
with the need for a positive and reli- 
able device to indicate that combustion 
had occurred in the rocket motor. The 
laboratory was soon filled with bread- 
boards using thermocouples, pressure 
sensors and photo electric devices in 
various complex circuits. 

One man looked at the problem 
a little differently. He advised the use 
of a piece of wood with a bare wire 
stapled to it. If this assembly were 
placed at the exit of the rocket motor, 
he was sure it would disintegrate when 
the motor was burning properly. 

This device, called the “burp 
board,” is now several years old and 
still in use. It represents the type of 
analysis that results in the simplest pos- 
sible method to perform the required 
function. This is the type of thinking 
which can produce more practical 
weapons immediately. Like all the 
other solutions, however, it does have 
its drawbacks. 
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Engineers can be directed to be in- 
genious, but it’s rather difficult to en- 
force this directive. As one engineer 
said when asked to use horse sense—‘“I 
didn’t take that course at college.” 

Possibly the only other important 
simplification area remaining is best il- 
lustrated by the case of the old farmer 
who refused to buy a book on the 
scientific farming method because he 
“already knew twice as much about 
scientific farming as his actual pro- 
cedures reflected.” In other words, a 
lot can be gained just by making better 
use of current knowhow. 

After the system has been de- 
signed, considering redundancy, fail- 
safe design, and simplification, there is 
yet another step to take—reevaluation. 
First, see that the system is properly 
balanced. No component should be 
unduly strong or weak. In the past, 
complex equipment has suffered from 
this ailment of unbalance. In World 
War II radar sets, for example, less 
than ten per cent of the components 
caused more than half of the failures. 

The problem of balance also 
shows up in priorities or favors granted 
to engineers working on different parts 
of the missile. A structures man de- 
cides he needs an additional bulkhead 
for strength. It passes through an area 
previously reserved for the electronic 
guidance. The proper answer to the 
question, “Who gives?”, must neces- 
sarily be the subject of a study in 
system balance. 

Also a part of evaluation is the 
second look at the validity of the de- 
veloped system as an answer to the 
military problem. Questions of weight, 
size and pay load can be satisfied by 
inspection. Where the reevaluation be- 
comes complex is in the area of 
strength of materials and the true 
nature of the stresses caused by the 


environment all the way from the fac- 
tory to the target. No matter how dili- 
gently a design has been pursued, if 
we don’t know what it must withstand, 
we don’t know that it will survive. 


Seven Points of Reliability 

Using all these suggestions, a very 
worthwhile approach to the develop- 
ment of a guided missile weapon can 
be synthesized: 

1—Military specifications—the 
system performance requirements— 
must be written so as to provide the 
maximum possibility of ending up with 
a truly practical weapon; 

2—-Specifications must be reevalu- 
ated and changed continuously, taking 
care that such changes will not destroy 
the continuity and effectiveness of the 
development program. 

3—Industry must plan and man 
its projects so that proper attention is 
given to designing for simplicity. 

4—Principles of redundancy and 
fail-safe design must be included when 
necessary to assure appropriate reli- 
ability and safety. 

5—Advanced packaging tech- 
niques, including modular design should 
be coupled with the latest in field test 
equipment to assure maintainability 
and constant weapon readiness. 

6—True functional analysis should 
be applied to assure that the simplest 
possible method for performing the 
given function will be employed. 

7—And in all the above things, 
both industry and the military should 
use their utmost capabilities in the crea- 
tion of a practical missile. 

If all these things are done, the 
guided missile system of the future will 
be worthy of all efforts and the de- 
pendence placed on it as the backbone 
of this nation’s arsenal * 
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Simulators 


in Navy Missile Training 





By LCDR John Huson, USNR, and Chief Keith K. Smell, TDC, USN 


ECAUSE OF the lethal qualities 

of guided missiles they should and 
can be entrusted only to the care of 
highly skilled military personnel. Rea- 
sons for this high degree of skill and the 
means for obtaining it involve complex 
scientific and educational problems. 

The rapidity with which the mili- 
tary research and development program 
is moving, particularly in guided mis- 
siles, demands new and more effective 
methods of training men in highly com- 
plex skills. In the beginning, technical 
military training followed the pattern of 
the guild system. Ships were built by 
craftsmen assisted by apprentices and 
laborers. Design of equipment was head- 
ed by the oldest member of a shipwright 
house and carried out by lesser members 
of the companies. 

Use of equipment was taught by 
on-the-job methods; this was effective 
but slow and sometimes quite dangerous. 
Special groups would be trained and 
these men in turn would train other in- 
dividuals. Even the most simple equip- 





ment was painstakingly taught in order 
to insure proper use. 

No great strides were made in the 
field of military training until a dual 
crisis arose in World War II. The prob- 
lem of training men in an incredibly 
short time with scarce and expensive op- 
erational equipment required immediate 
solving. A more subtle problem arose 
from the fact that research efforts were 
creating new knowledges and weapons 
faster than men could be trained to use 
them effectively. Steps had to be taken 
which would train men in larger num- 
bers, faster, safer, and at a lower cost. 

Today, much the same is true in the 
missile field. The dynamic progress of 
research and development necessitates 
accelerated training programs for mili- 
tary personnel who must operate and 
maintain the new equipment. 

Yet the sources for obtaining neces- 
sary information are too widespread and 
diversified; there are no missile engineers 
graduating from colleges; and the weap- 
on system team concept has not yet been 


Navy's Training Device Center missile simulator package includes a complete store of spare 
parts for replacement when trainees make a mistake. Shown is the Marine Corp's mobile 


TERRIER launcher. 
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fully enough developed. 

In spite of these difficulties, men 
must be trained more thoroughly in a 
wider variety of skills than at any pre- 
vious time in our military history. In 
the first place, the guided missile is a 
complex piece of equipment with equally 
complex testing and computer equip- 
ments. All of these must be maintained 
and operated intelligently within sharply 
defined time and accuracy limits. The 
margin for error is further reduced be- 
cause once launched, the guided missile 
cannot be retrieved. It is too costly to 
permit trial and error launchings. 

The variety and complexity of skills 
to be learned by guided missile person- 
nel within pressing time limits, present 
a formidable training problem. But it 
can be substantially reduced by the use 
of properly designed and properly util- 
ized training devices. 

Such devices have proven their 
worth in many fields of military train- 
ing. The use of a bomber flight trainer, 
for example, has been credited with sav- 
ing the U.S. Air Force 119 lives and 
$28,850,000 in a period of one year. 
The Navy estimates the cost of training 
men in operational aircraft to be $560 
per hour, as against $66 for equivalent 
training in a flight simulator which never 
leaves the ground. 

The time required for training with 
simulators and other synthetic equip- 
ment is shortened because they can be 
operated day and night without regard 
for weather or other conditions which 
would affect the availability of the oper- 
ational equipment. Synthetic training de- 
vices have been and are being developed 
for all the armed forces and for all as- 
pects of modern warfare, whether it is 
airborne, surface, or sub-surface in na- 
ture. Over $135,000,000 worth of train- 
ing devices are now used by the services. 

In the guided missile field training 
devices have the following advantages: 

1—Saving lives in hazardous situ- 
ations. 

2—Saving operational equipment 
for tactical use. 
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3—Increasing the number of stu- 
dents that can be trained. 

4—Permitting accurate scoring of 
the student. 

5—Enabling training to be stopped 
at any point for instructor guidance. 

6—Enabling training to be carried 
on independent of weather conditions or 
availability of operational equipment. 

7—Enabling round-the-clock 24 
hour training to be conducted. 

8—Lowering the cost of training. 

9—Training men in less tire. 

10—Permitting standardization and 
improved team or crew training. 

11—Sustaining the proficiency of 
personnel. 

The U.S. Naval Training Device 
Center (Port Washington, Long Island, 
New York), under whose technical di- 
rection industry has provided more than 
30,000 training devices to the military 
forces, has developed trainers specifically 
for the guided missile field. Particular 
effort has been directed toward design- 
ing low-cost trainers to reduce the ef- 
fect of obsolescence resulting from the 
rapid progress and changes in missiles. 

The development of adequate 
guided missile training devices involves 
many complex steps in analyzing the de- 
tails of the training requirements. The 
type of training device is based on the 
multiple considerations of a set of vari- 
ables such as environment, instructor 
qualification, student level of skill, level 
of skill to be attained, length of course, 
curriculum in use, subject material and 
hours of training. 

In weighing these factors, the pos- 
sible solutions are further subjected to 
close scrutiny to determine complexity, 
cost, lead time and useful life in the 
training program. Finally the most suit- 
able synthetic training equipment is spe- 
cified. The Naval Training Device Cen- 
ter follows this pattern of operation in 
the missile training equipment programs 
it has underway for the Army and Navy. 

Industry, too, plays an important 
part in the development and produc- 
tion of guided missile training devices 
—by designing, developing, and manu- 
facturing such devices under contract to 
NTDC. 


At first it was necessary to train 
private enterprise in this new and 
specialized field. As a consequence 
many early devices were delayed while 
a contractor was being educated in the 
unusual training or simulation tech- 
niques involved. Industry needs infor- 
mation and equipment pertinent to the 
projects it is developing. This problem 
is caused by a general industrial re- 
luctance to disseminate information and 
by the necessary security classication 
which impede the flow of information 
from one contractor to another. 

It would be a great help if missile 
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Design of missile simulators calls for a lot more ingenuity than, say, did World War II! Link 
trainers. The simulator for this TERRIER launcher, manufactured by W. L. Maxson Corp., 
is a full scale working mock-up, designed to fail like the real thing under mistreatment. 


manufacturers would point out early in 
the game peculiarities of their missiles 
that might present serious problems in 
use, and therefore in training. Advance 
knowledge of this nature would enable 
training devices to be properly designed 
from the start. The dissemination of 
advanced missile design is of great im- 
portance in modifying current training 
device projects. Prompt relaying of 
technical information helps place de- 
vices in the service schools, the field, 
and the fleet at a time when they can 
be most effectively used. 

The weapon system analysis 
method for resolving the complex prob- 
lems inherent in a new missile design 
has not been in operation long enough 
to determine its value as compared with 
other possible approaches. 

However, there are additional con- 
siderations which should be included 
when the weapon system analysis is 
made. Technical consideration should be 
given at that time to development of the 
necessary supporting training devices. 

A brief study of this problem in- 
dicates that the cost of training devices 
is very nearly directly proportional to 
the cost of operating equipment. Cur- 
rent figures range from 7 per cent to 12 
per cent, the higher percentage being 
due in part to the fact that the training 
requirement was not recognized early 


enough, thereby resulting in a “crash 
program” which increased the cost of 
the training devices involved. 

The ultimate goal of any military 
training device is to insure operational 
readiness. The de vices developed to 
assist in the training of men cannot by 
themselves achieve this goal. They must 
be intelligently used by competent in- 
structors in an environment for which 
they were specifically designed. 

The success of our military men 
in the field has earned the admiration 
and respect of all nations. Prospective 
enemies are cautious in estimating the 
strength of the United States, a caution 
born of experience in operating with or 
against our land, sea, and air forces. 
This mark of prestige and efficiency has 
been largely made possible with the 
assistance of employing ne w methods 
and utilizing new training devices in 
training at all levels and skills. 

The race between nations for tech- 
nological and production supremacy in 
the guided missile field has been con- 
tinuing for several years. It may well 
be that if the final count down is ever 
given, the superior training of men will 
become the determining factor. In fact, 
this marked superiority, made possible 
by diligent utilization of properly de- 
signed training devices, may be our best 
guarantee for a lasting peace * 
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The Defense that 
Research Built 


Working closely with various government agencies 
and aviation companies*, The M. W. Kellogg 
Company has participated in many important 
research and development phases of the rocket 
program. This has covered a wide range of 
missiles and rocket propulsion systems for Terrier, 
Talos, Snark, Sparrow, and Nike. Kellogg has 
also produced booster rocket cases and 

other components. 

M. W. Kellogg's long rocket experience, 
supplemented by this organization's 50-year 
background of engineering and fabricating high 
temperature-high pressure industrial products, 
continues to provide valuable 
assistance to 
National Defense. 
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*including the Novy, Army, Air Force, Allegany Bollistics Laboratory, The Johns 
Hopkins University Applied Physics Laboratory, and such well-known aviation names 
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New Fuel Flow Test Equipment 


By A. S. Kevorkian, Industrial Engineer 
Rocketdyne Division, North American 
Aviation, Inc. 


With the advent of large, liquid- 
propellant rocket engines such as those 
now being designed, developed and pro- 
duced by Rocketdyne Division, North 
American Aviation, Inc., it has become 
necessary to develop whole new testing 
techniques. 

The operation of a large, liquid- 
propellant rocket engine is essentially a 
precisely controlled, continuous explo- 
sion. Fuel is burned as rapidly as possible 
producing tremendous quantities of 
high-temperature gases which flow at 
supersonic velocities through an exhaust 
nozzle to produce the high thrusts 
needed to power today’s missiles. In or- 
der to assure the proper function of 
these rocket engines, absolute control of 
the fuel flow rates must be maintained 
at all times. Testing components in 
rocket engines responsible for the con- 
trol of these fuel flow rates such as 
valves, fuel lines, pumps, and thrusts 
chambers themselves, has resulted in the 
development of a unique testing device, 
the High Flow Bench. 

Rocketdyne, which is now design- 
ing, developing, manufacturing and test- 
ing large rocket engines for the Army’s 
Redstone missile, NAA’s Navaho and 
the Air Force’s Ballistic Missile Pro- 
gram, has also designed the Free World’s 
largest High Flow Bench in operation. 

This high flow test unit was built to 
obtain hydraulic data from rocket en- 
gine components. This data consists of 
accurate flow rates from approximately 
100 to several thousand gallons per min- 





Main pipe lines from the three large multi-stage centrifugal 
pumps used on Rocketdyne’s high flow rocket engine com- 
ponent testing unit. Mechanic Harold Hupp sets one of the 
tremendous valves on this piece of equipment, the largest’ of 
its kind in the free world. 


ute and pressures for various flow con- 
ditions ranging up to 1500 pounds per 
square inch. 

The test medium used is clean water 
which is circulated through the com- 
ponents by large multi-stage centrifugal 
pumps. Since water and rocket engine 
fuel are practically identical in flow 
characteristics the flow rates and other 
data obtained with water are easily con- 
verted to the corresponding rates of the 
particular fuels being used in the rocket 
engines by simply correcting for the 
specific gravity. 

The multi-stage centrifugal pumps 
are arranged so that the discharge can 
be piped into a main header with the 
pumps operating either in a series or in 
parallel. This enables the personnel test- 
ing the rocket engine components to set 
up the tests to be made with either maxi- 
mum flow at a given discharge pressure, 
or maximum pressure at a given dis- 
charge flow. The flow rates are further 
regulated by remotely controlled throttle 
valves. By means of a bleed-of line or by- 
pass line, any combination of flow rates 
and discharge pressures within given 
limits desired for the test, can be ob- 
tained. This system, designed and built 
by Rocketdyne, is a closed or completed 
circuit, enabling the clean water, after 
being pumped through the component 
being tested, to return to a water reser- 
voir, ready for immediate reuse. 

To further measure and control 
flow rates, a six thousand gallon water 
tank mounted on a scale system, as a 
part of the high flow unit, is used. Ac- 
curate flow rates are determined by 
means of time span versus pounds of 





water flow. Water is pumped into the 
scale tank and accurately measured to 
the nearest pound. Knowing accurately 
the amount of water being pumped 
through rocket engine component, and 
the length of time it takes to pump the 
water through the unit being tested, the 
recording and indicating instruments 
provide the actual flow data required for 
the test. 

In order to accumulate the neces- 
cessary data an elaborate system had to 
be designed and developed by Rocket- 
dyne engineers for this high flow unit. 
The signals which are recorded or indi- 
cated are picked up by means of various 
instrumentation devices. Reluctance type 
transducers are used for pressure sens- 
ing and resistance type thermometers are 
used for temperature recordings which 
provide the necessary electrical signals 
for recording instruments. 

Tne flow rates are basically meas- 
ured with the use of orifice plates, ven- 
turi tubes and turbine type flowmeters 
which produce a differential pressure 
that varies directly with the flow being 
measured. 

This high flow bench, unique in the 
rocket engine industry, enables Rocket- 
dyne to thoroughly test every rocket en- 
gine component used to handle fuel flow 
rates in perfect safety before the engine 
is assembled. Because the clean water is 
used over and over again, testing costs 
for these components can be kept rela- 
tively low without sacrificing the quality 
or the dependability of the engine. 

Rocketdyne personnel operating 
this high flow bench can handle more 
than 30,000 gallons of water at a time 





Flow rates can be checked accurately by large scale at right. 
High flow bench operations are controled from console at 
left. Both units are a part of Rocketdyne's high flow testing 
unit used to check rocket engine thrust chambers at fuel 


control components. 
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and accurately measure it to the nearest 
quart. Any one of the three pumps used 
on the high flow bench is large enough 
to fill a large family swimming pool in 
the same length of time it takes to fill the 
average family bathtub. 


Thus it is possible to obtain large 
amounts of accurate information on the 
hydraulic characteristics of a given 
rocket engine component from a proven 
rocket engine design or an experimental 
design at one central location at rela- 
tively low costs, and at the same time 
correct any malfunctioning parts before 
the engine is assembled and test fired. 


This rocket engine testing facility 
is not only capable of testing compon- 
ents used in today’s large liquid-propel- 
lant rocket engines, but is designed to 
handle upcoming rocket engines now 
under study which will be considerably 
larger than the ones Rocketdyne has in 
production today. 


Gas Generators Grow 


Speaking before the Chicago Sec- 
tion of the American Rocket Society 
on December 12, 1956, Mr. Alfred J. 
Zaehringer, President of the American 
Rocket Company, Wyandotte, Michi- 
gan, presented an up-to-date view of 
the growing use of solid propellant gas 
generator. Related to the rocket, the 
solid propellant gas generator is being 
used in a wide variety of military, in- 
dustrial, and commercial applications. 
They are used on a world-wide level 
and represent at $10-25 million per year 
business. In ten years, it is expected to 
hit $50 million, and in 15 years will be 
about $100 million. 

Outstanding features of the solid 
propellant gas generator are low cost, 
high reliability, low complexity, high 
power-to-weight ratio, ability to operate 
under a wide variety of environmental 
conditions, and ease in design. Like the 
rocket, the solid propellant gas genera- 
tor is completely self-contained and 
does not depend on air or oxygen for its 
operation. 

The American Rocket Co. has de- 
voted considerable attention in indus- 
trial systems and has pioneered in low- 
cost, low-pressure, and long-burning 
time units. It has developed and ap- 
plied a low combustion temperature 
propellant that can be operated safely 
at any pressure from one atmosphere 
on up. With low-cost and high-perform- 
ance, low pressures can be obtained 
directly without a bleed-down system. 
Thus, extreme simplicity and high reli- 
ability have been achieved. Mr. Zaeh- 
ringer said that some units had been 
operated from times of a fraction of a 
second to over an hour. 
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Problems and Promises 
of Liquid Ozone 


Scientists and engineers attending 
the first International Ozone Confer- 
ence held recently in Chicago were told 
“we have only scratched the surface of 
ozone research.” 

In a welcoming speech to 300 per- 
sons from all parts of the world who 
registered for the conference, Dr. Hal- 
don A. Leedy, director Armour Re- 
search Foundation, deplored lack of re- 
search in the ozone field. This lack, he 
said, is rapidly depleting our residue of 
basic knowledge and is bound to reduce 
applied research later. 


Although the conference covered, 
in the 65 papers delivered, many of the 
current techniques for producing and 
using low concentration ozone in the 
chemical industry and for municipal 
water purification, keenest interest was 
in the production and use of high con- 
centration ozone and the determination 
of ozone’s physical characteristics. 


Use of liquid ozone as a “super- 
oxidant” for rocket propulsion fuels 
would add a new order of magnitude 
to rocket motor thrust values possible 
with different fuels. However, questions 
on what percentage of ozone in an 
ozone oxygen mixture can be safely 
handled were refused answers. Speakers 
said this was “classified information.” 

Many researchers’ reports empha- 
sized liquid ozone’s tendency to explode 
during laboratory experiments. Two re- 
ports, however, indicated some way to 
handle ozone safely may already have 
been found. 

Dr. A. V. Grosse, The Research 
Institute of Temple University, revealed 
work being done there for the Office 
of Naval Research and AF’s Office of 
Scientific Research. Despite reports of 
the violent instability of ozone when 
mixed with slight amounts of organic 
materials, Grosse reported success in 
premixing cyanogen and ozone. This 
was then burned to produce a tempera- 
ture of 5200°K. Sometimes mixtures 
were left for 24 hours before burning. 


Even more surprising to research- 
ers was Grosse’s prediction that “crys- 
tallization” of a cyanogen-liquid ozone 
mixture looks feasible. Expected tem- 
perature of combustion would be over 
10,000°K, he said, and estimated pres- 
sure produced would be over “100,000 
atmospheres.” 


Armour m/r learned, has a mili- 
tary contract for ozone research be- 
lieved to be related to the missile field. 
ARF started ozone research 15 years 
ago, and first produced liquid ozone 10 
years ago. The Foundation holds a 
basic patent on the hot copper catalyst 
method of desensitizing ozone. 


It was learned also that ARF has 
developed a new material for liquid 
ozone storage containers. Portland ce- 
ment is foamed to produce a “cement 
meringue” and is mixed with a Pearlite 
aggregate. Containers made this way 
weigh only 5 pounds per cubic foot of 
material volume. 


The development of such contain- 
ers may indicate current work in prog- 
ress to apply liquid ozone to missile 
propulsion. 


Atmospheric Ozone 


Many ozone study projects are 
scheduled during the International Geo- 
physical Year. Information is needed 
on the exact concentration of ozone in 
various regions of the upper atmos- 
phere, and on production mechanics. 


Dr. A. B. Brewer, Oxford Univer- 
sity, England, said that variations in 
ozone concentration at high latitudes 
are great during the winter season. 
However, he said, it is not so strong at 
low latitudes despite the fact that ozone 
is supposedly produced by photochemi- 
cal action of sunlight. This occurs even 
though there is less light in the North 
during the winter season. This may be 
related to circulation of air masses. 

Study of ozone with regard to high 
altitude flight are under way at the Air 
Force School of Aviation Medicine. 

Dr. Hans-Georg Clammann, phys- 
iologist at the school told of tests dur- 
ing which he breathed a concentration 
of eight parts ozone per million of air 
for one hour. The safety level for 
humans has been set at 0.1 ppm. 

Clammann was subjected to the 
near-lethal tests last July and found his 
breathing capacity greatly reduced with 
excessive lung irritation. 

Ozone has been found even at 
stratospheric levels. Flights beyond this 
point would encounter larger amounts 
of ozone than can be breathed safely 
by humans. 
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Evaluating Propellant Systems 


By Joseph Irgon, The Fulton-Irgon Corp. 


Determining the precise theoretical 
performance of a propellant system is 
tedious and time-consuming. It often 
takes several days for a hand-calculation 
on a relatively simple propellant, for 
example, one comprised only of carbon, 
hydrogen, oxygen and nitrogen. If light- 
weight metals or other high energy ele- 
ments are also present, the calculation 
time may extend into weeks. 

In the case of the more complex 
systems, the difficulties are compounded 
for two reasons. 

The number of chemical species in 
the reaction products is appreciably in- 
creased, thus complicating determina- 
tion of flame temperature equilibrium 
composition. 

Temperature dependence of each 
of the many controlling chemical equili- 
bria is far more critical at the elevated 
temperatures (5000°F) obtained with 
high energy systems. 

A statistical method which provides 
a quick and accurate means of deter- 
mining specific impulse has been devel- 
oped and used with marked effectiveness 
by the author and his associates. Based 


on well-known mathematical techniques 
employed in the design and analysis of 
industrial experiments, this new ap- 
proach is proving to be an invaluable 
aid also in the evaluation of other per- 
formance parameters. 

These include such properties as 
characteristic exhaust velocity, hyper- 
golicity, ignition delay, characteristic 
chamber length, scale factors and other 
propellant or engine design variables. As 
a generalized procedure, the method of 
response surfaces, as it is appropriately 
called, offers the most feasible means of 
optimizing the performance parameters 
under study, irrespective of their nature. 

For these reasons, the various 
short-cut calculation methods that have 
been applied with moderate success to 
solid and liquid propellant systems in 
the low or even intermediate ranges of 
energy, have proved unreliable for de- 
termining the specific impulses of high 
energy systems (Isp 250 sec.). The ap- 
proximate methods do not correct suffi- 
ciently for the dissociation of the product 
gases and for significant variations in the 
concentrations of the products over a 
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small temperature range at high flame 
temperatures. 

Machine computation methods are 
the most practical means of handling a 
large volume of propellant performance 
data. However, for a relatively small 
number of propellants the operational 
costs of electronic computer facilities 
seldom make the evaluation either 
economical or convenient. 

The method of response surfaces 
provides, with the aid of sequential 
analysis, relatively simple quantitative 
models that correlate propellant or en- 
gine properties with the pertinent system 
variables, however complex the system. 
The models can be represented either 
geometrically or by mathematical for- 
mulae. They are readily deduced from 
a small fraction of the calculations or 
experiments required by usual evalua- 
tion methods. 

Conservative estimates of savings 
by the new technique run upwards of 
60% in the cost of development pro- 
grams. This is made possible through the 
judicious selection of systems for study 
and a scientific evaluation of the data. 

Examples of response surfaces in 
two variables are shown in the contour 
diagrams of Figure 1. The model is most 
conveniently represented mathematic- 
ally, by a generalized polynomial equa- 
tion that has been best-fitted to the avail- 
able data by the method of least squares. 
It is of the form 
(1) Y=A,+A,X,+A,X,+ A,X, 

A, XX, TA,,X%,'F ..., 

where the A’s are constants (multiple 
regression coefficients) associated with 
the various variables or combinations of 
variables X,, X,, X, .. ., and Y is the 
“response.” Expression (1) is simply the 
Taylor’s expansion of functions such as 
those representing the systems of ridges 
or peaks shown in the figures. The con- 
tour lines that represent constant values 
of the dependent variable Y, are referred 
to as the responses to the independent 
variables X,, X,, etc. 

Illustrating the role of factor de- 
pendence, ridge systems of the type 
shown characterize most systems en- 
countered in scientific and engineering 
work that involve two or more variables. 
The situation which can occur in many 
variables becomes progressively more 
complicated, as the three-variable con- 
tour diagram (Fig. 2) suggests. The latter 
arrangement can be regarded as being 
built up from two-dimensional contour 
diagrams. 

In the absence of specialized knowl- 
edge, the method of response surfaces, 
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Fig. 2. A Three variable contour diagram. 


which automatically takes into account 
the multi-factor problem, enables the 
optimum regions shown in the illustra- 
tions to be evaluated with considerable 
economy in effort and time. The con- 
ventional method would be to approach 
the optimum region on a hit-or-miss 
basis, which would require many more 
calculations or experiments to be per- 
formed than are actually needed. 

With several factors to be varied, 
the possible combinations can number 
in the thousands. In such circumstances, 
it would be most difficult to determine 
the optimum region by the usual “one 
variable at a time” approach. 

The investigator is apt to find him- 
self figuratively stuck on a ridge, often 
without realizing it, having assumed 
some lower point of the ridge or peak 
to be the optimum. This cannot happen 
when employing the statistical approach, 
as it immediately provides the most 
pertinent details of the overall picture 
and minimizes the effort spent on un- 
important features of the correlation. 

Such an analysis of factor depend- 
ence in conjunction with theoretical 
knowledge often leads to a better under- 
standing of the basic mechanisms gov- 
erning the systems or processes under 
study. 

It is apparent from the foregoing 
that the method of response surfaces is 
a powerful tool in analytical as well as 
experimental programs concerned with 
complex multi-factor problems and 
should, therefore, prove to be of increas- 
ing usefulness to the propulsion field. 
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Propulsion Notes 


By Alfred J. Zaehringer 


. 


Look to Penn Salt to introduce a new fluorine propellant. A deriv- 
ative of fluorine monoxide, the compound is said to avoid the difficult 
handling properties of liquid fluorine. Incidentally, one midwestern uni- 
versity supposedly has made small scale runs on liquid F, combinations. 
Early investigations have shown that even solid fluorine reacts hyper- 
golically with hydrogen. Present difficulties with fluorine stem from the 
fact that reaction with water produces ozone which then bangs off. 


Organic perchlorates appear to be heading for trials as liquid 
monopropellants. There have been attempts to use it as a burning rate 
accelerator for double-base propellants. Now, a downriver Detroit chem- 
ical manufacturer is looking into electrolytic production methods. 


Cal Tech scientists claim that successful runs of Diver's Solution 
(ammonium nitrate dissolved in liquid ammonia) have not panned out. 
Troubles: difficult ignition and unstable combustion. A 75% solution 
has a calculated performance of 175 sec, is smokeless in operation, and 
is extremely cheap and easy to handle and store. However, the catch 
seems to be operating at temperatures above the boiling point of am- 
monia (about—25°F) and yet above the decomposition temperature of 
ammonium nitrate (about 338°F). The California group believes that 
success hinges on finding a powerful catalyst to promote smooth reac- 
tion between these “humps.” 


NACA has been running ammonia in regeneratively cooled rocket 
motors with heat transfer rates of 2.5 BTU/sq. in./sec. They used a novel 
light-weight engine fabricated from hydraulically formed sheet metal. 


Ignition of solid propellants by detonating gases has not proved 
satisfactory for many combinations. Reason: low radiation intensities and 
absence of hot solid particles. For this reason, gunpowder continues to 
be a standard solid propellant igniter ingredient although the gasless or 
slag igniters offer promise. 


Longest duration ever achieved by a large solid propellant rocket 
has been announced by Phillips Petroleum Co. It is claimed that a new 
design concept was used to accomplish this result. Operational solid 
propellant rockets have averaged 30 sec burning time, with lab reports 
of times up 5 minutes. 


Phillips solid propellant materials cost is about 13¢/lb. This cost 
does not include materials handling and processing. Big limitation in the 
process is that extrusion rather than casting is used. 


Honest John presumably could easily be launched from a sub today but 
its range (18-20 miles) will limit use to immediate coastal targets. The 
Soviet T-7A, also a solid propellant rocket, has only a slightly greater 
range (50 miles). It is assumed that our Sergeant solid rocket, now under 
development, will have a range comparable to the T-7A. 


A nuclear test site is said to be in the works at the new Thiokol 
facility in Idaho. It is not known who will operate the facility. However 
it is certain that the program will pertain to nuclear rockets or the air- 
craft nuclear propulsion program. 


a 
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Key to whether the artificial earth 
satellites will tell us anything really new 
about the earth itself is the ease and 


accuracy with which they can _ be 
tracked. 
Data on ambient conditions at 


orbital altitude can be telemetered to 
earth, but getting new facts about the 
earth depends upon observations of the 
satellites made from the earth. 

Using an accurate computing sys- 
tem, the position of the satellite as 
checked by observing stations is ex- 
pected to give information of previously 
unobtainable accuracy. 

Determination of station location 
relative to the center of the earth and to 
each other is expected. 

Out of a research program based 
on the observation positions of masses 
on the earth’s surface, shape of the earth, 
distribution of mass within the earth and 
atmospheric density should be determ- 
ined with new accuracy. 

Smithsonian Astrophysical Observ- 
atory (SAO) has been assigned responsi- 
bility for obtaining the observation data 
and processing it. Twelve or more 
special satellite tracking cameras will be 
employed in a precision optical program 
designed to photograph the satellites as 
they pass over each station. 

In addition, a_ visual 
organization will be set up under the 
direction of a National Committee of 
Visual Observers. They will use binocu- 
lars or monoculars and an accurate time 
source. 

The visual observations organiza- 
tion will be headed by Dr. J. Allen Hyne 
of SAO and directed by Mr. Armand 
Spitz. During the final stages of the satel- 
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observer 


Vanguard 


Satellite Tracking 


Camera Developed 


By Henry P. Steier 


lites’ lives when they are rapidly spiral- 
ing to earth, the visual tracking work is 
expected to be very valuable. 

Exact locations of all camera sta- 
tions has not been revealed. Observation 
points for cameras are reportedly being 
considered for Alexandria, Egypt, Casa- 
blanca, Morroco, Hyderabad, India, and 
in the Union of South Africa and Aus- 
tralia. Best sky transparency and free- 
dom from clouds is important. 


Camera Details 


Goal of the tracking effort is to ob- 
tain positions occupied by the satellites 
during each orbit to within seconds of an 
arc and a few thousandths of a second 
in time. 


SAO has designed a special camera 
to fill the need for a photographic tech- 
nique that can observe a satellite with 
an assumed perigee of 200 miles and 
apogee of 1500 miles. 

Optics have been designed by Dr. 
Baker of SAO, and the in- 
Joseph Dunn and Asso- 


James G 
strument by 
ciates, Cambridge, Mass. 


[he Baker-Nunn camera, 
known, uses a photographic Schmidt 


as it is 


system with 20 inch aperature, 31 inch 
Schmidt mirror and focal length of 20 
inches. Performance at the edge of the 
camera field is said to be better by 100 
1 Schmidt. 
First of the cameras is nearing com- 
pletion at SAO in Cambridge, Mass. Its 
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Artist's conception of a satellite tracking-camera station. Sliding roofs would cover camera 
during inclement weather. Antenna would be used for communication with Vanguard Com- 
puting Center in Washington, D.C. or other camera stations and visual observer stations. 
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optics and film exposure mechanism was 
designed for taking both stills and mov- 
ing pictures. 

This will be done during evening 
and morning twilight hours when satel- 
lite visibility is at maximum. Depending 
upon whether bright or dark twilight 
conditions exist, and the satellite is far 
or near, different photographic tech- 
niques will be used. 

A 20 inch sphere with an albedo 
(reflectivity) of 0.6 would have a photo- 
graphic magnitude of 6.3 at 200 miles 
and a visual magnitude of 5.7. At 1500 
miles visual magnitude would be 10.1. 

Limit of vision with the eye is 5.7. 
Anything with a higher magnitude num- 
ber would not be seen 


Angular velocity at 200 miles would 
be 87.8 minutes of an arc per second. 
At 1500 miles it would be 8.7 minutes 
of an arc per second. The apparent speed 
would be meteor-like at 200 miles and 
slower at 1500 


High Optical Speed Needed 


Ihe optical speed necessary to 
photograph the satellites under these 
conditions is difficult to achieve. To meet 
the problem of film fogging that would 
occur with exposures longer than Ys 
second, the camera will use continuous 
Kodak Tri-X film which can be trans- 
ported in steps at different cyclic rates. 
These are determined by light conditions. 

Iwo shutters will expose the film. 
A gross shutter will operate during a 
transport cycle and be open for 20 per 
cent of the cycle. In a one-second trans- 
port cycle the exposure would be 0.2 
second. In the longest cycle of 5 seconds, 
exposure would be a full second. 

During the gross shutter operating 
time a rotating barrel-type shutter with 
a period five per cent of the total trans- 
port time will interrupt the exposure for 
periods of 1/100 second 

This will give time marks spaced 
100 microns (.0039 inch) in the satellite 
trail on the film. Synchronized with the 
rapid shutter will be a stroboscopic 
presentation of a crystal clock face 
photographed directly on the film strip. 
The clock will be 1/1000 
second. 


accuracy 


When the satellites are fainter than 
maximum, the fixed position will not be 
used. The camera will be moved in a 
partial motion rather than continuous. 

This is because a star field will be 
photographed as a location reference for 
the satellite position. Continuous move- 
ment would show the brighter stars as 
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Section view of satellite-tracking camera showing film transport and 
shutter arrangements and Schmidt optics. 


long trails and faint stars would be lost 
altogether. The camera movement could 
be oscillatory or discontinuous 

The optical axis of the camera will 
be allowed three motions: altitude, azi- 
muth and tlt 

An orbit calculation and prediction 
center located at Cambridge will act as 
the nerve center for communications be- 


tween the Vanguard Computer Center 


in Washington, D.C. and between differ- 
ent visual and camera observation points 
in the world. This collection and corre- 
lation of data is one of the most impor- 
tant parts of the IGY Program. 

Data will be rapidly analyzed as 
soon after the photographic work as 
possible. This will aid planning for later 
satellites which may need alterations to 
get the most out of them. 





The new camera will be especially useful in tracking these balloon-like sub-satellites that are 

scheduled to be released by earth satellites. The 20-inch diameter aluminum coated plastic 

bags, inflated after release at altitude, contain no radio equipment and will have to be 

tracked visually. NACA, who developed them, expects to gain valuable upper air drag and 
density data by following their movements 
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Plastic mock-up of an advanced design IGY satellite with scientific instrumentation. Internal 
bracing will support four '/4-wave antenna dipoles as well as a central housing for plug-in modu 
larized telemetry and Minitrack transmitter circuitry (No's | to 6). Ports (A and B) will expose 
solar cells and Lyman-Alpha instruments for orientation and ionization measurements. ''C" and "D 
identify instruments on the skin for measuring meteoritic erosion and temperatures. 
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Dr. JOHN P. HAGEN, director of Proj- 
ect Vanguard, demonstrates with a scale 
model the separation sequence of the satel- 
lite and third-stage rocket motor. Behind Ha- 
gen's hands is a full-scale satellite with an- 
tennas in erected position. 


Cutaway of a satellite showing internal 
construction is at right foreground. Geo- 
graphic diagram on wall shows location of 
Minitrack ground radio tracking stations and 
direction of a typical satellite orbit. All Mini- 
track stations will be located in the Western 
Hemisphere and will provide the Vanguard 
Computing Center located in Washington, 
D.C. with data on satellite locations. 


Twenty minutes after meridian passage 
of the satellite over a Minitrack station two 
bits of angular data and time of measure- 
ment will be sent to the Center. 


With these data an International Busi- 
ness Machines Corp. 704 computer will cal- 
culate times of arrival, zenith angle, angular 
velocity and location of a favorable acquisi- 
tion direction for optical tracking stations lo- 
cated in many parts of the world. 


ROBERT H. BAUMANN, Group Head, 
Satellite Engineering Consultant Staff, Naval 
Research Laboratory, plugs a modularized 
circuit into a satellite's gold-plated aluminum 
astrionics container. 


Astrionics for telemetry coding and 
transmission is designed in circular layer 
modules. In this way various circuits needed 
for a variety of scientific measurements to 
be made with different satellites can easily 
be accommodated. 


This satellite prototype is being readied 
for pressure, vibration, and shock testing. The 
assembly will also be centrifuged and ther- 
mocycled to determine the satellites’ fitness 
for forecasted conditions in outer space. 
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The four '/4-wave dipole antennas car- 
ried by the satellite will be folded during 
flight of the VANGUARD vehicle to orbital 
altitude. 


After separation of the satellite from the 
third stage rocket motor, the dipoles will 
be erected. They will be activated by a 
, —~ tocee, hinge near the base of each 
ipole. 


After the dipoles spring into place, fun- 
nel-shaped sleeves near the hinges slip down 
and lock the dipoles in straight-out position. 


Antennas are located around the equa- 
tor of the satellite and spaced 90 degrees 
apart. This configuration is expected to give 
circular polarization needed for best radio 
tracking. 


Satellite orientation with respect to the 
sun, as detected by solar cells, and ionization 
as measured by Lyman-Alpha_ instruments 
should add wholly new knowledge of micro- 
wave refraction indices at satellite altitudes. 
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Circular printed wiring boards that go 
into the satellites’ astrionics housing have 
transistors and other components fastened 
directly to the boards. Pin contact boards 
fastened directly to the circular boards aid 
ease of interconnecting various circuit layers. 


Light colored material at top of astri- 
onics housing is Kel-f plastic. It is a low ther- 
mal conducting material for heat isolation 
and support of the housing. 


"T" shaped Kel-f plastic pieces will 
fasten to internal bracing and aid centering 
support of the housing. 


To the right—Back through the years, Naval 
research has been one of the most produc- 
tive scientific investigative operations at the 
nation’s disposal. Its latest project is The 
VANGUARD Satellite. The diagram on the 


next page shows its present-day organization. 
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Astrionics 


By Henry P. Steier ’ 


Anti-missile missiles will compound to new proportions the 
reliability and life headaches of electron tubes. Nike battery Comman- 
ders are already wrestling with these problems. A typical Nike system 
uses 3,500 tubes. Each plays a vital role. Operating and maintenance 
costs vs. readiness factors must be considered. Nike stations do not 
stay “on the air” 100 per cent of the time. Defense planning takes into 
account warm-up time needed for readiness. 


With the anti-ICBM missile, tube life-reliability considerations 
will grow drastically. Radar rf generators used for Nike now develop 
power in terms of 1,000’s of watts. The Nike Hercules, reportedly the anti- 
ICBM design under development for the Army, will need rf of mil- 
lions of watts to seek and destroy its target. Nike Hercules stations would 
probably stay on the air around the clock since readiness time is nil. 
Tube engineers will soon have to face the need for the ultimate in life 
and reliability (as well as the extremely high power), since there will 
be no down-time for checking tubes. 


Astrionics information was cited recently as the weakest link 
in the body of information available for handling ICBM offense 
and defense. Dr. F. J. Tischner, Ohio State University and formerly 
with Redstone Arsenal’s electronics laboratory, said although we have 
radar for detection, the all important determination of exact position 
and velocity is very difficult. Among the weakest links are wave propa- 
gation and antenna design information. 


Usual approach to determination of wave propagation is through 
the index of refraction of the propagating medium. Microwave optics 
in hypersonic flight—above Mach 10—must cope with what Dr. L. M. 
Hartman, General Electric Co., Missile and Ordnance System Dept., 
calls a “monstrous lens” formed of dissociated gases in the stagnation 
region around the object. Electron density which regulates index of 
refraction begins to be considerable at Mach 10 and changes with 
altitude, so result would be a complex constantly changing electron lens. 
Besides finding a way to communicate with rockets through such a 
lens, the antenna would have to withstand 8,000°K. 


One member of scientific fraternity does not think much of 
using solar cells for getting astrionics power from the sun. Pointing 
out that only about 2 kw per square yard is available, and that solar 
cell efficiency is quite low, he reminded his listeners that “fast growing 
lowa corn uses sun energy better than semi-conductor devices.” 


Optical tracking cameras for the IGY satellites are designed 
but none have been completed. The first is being constructed by the 
Astrophysical Observatory, Smithsonian Institute, with optics supplied 
by the Perkin-Elmer Corp. The 12 cameras to be built will photograph 
satellites as they pass “with meteor-like speed” in the words of Dr. 
K. Heinze of the Institute. Cameras will use Schmidt optics with a 
30 inch field and Kodak Tri-X film. Both satellites and reference stars 
near them will be photographed. 
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Aerophysics 


By Seabrook Hull 


[he optimum solution to ICBM and IRBM reentry may lie in 
the use of plastics rather than exotic metals. NACA hypersonic test vehicle 
experiments have produced encouraging results. Of the two most promis- 
ing organic groups being researched, epoxy resins have relatively high 
melting points, particularly with curing. Fluorinated plastics, already 
fully oxidized by fluorine, are chemically inert under the high tempera- 
ture conditions of atmospheric reentry. 

Both melt relatively slowly, due mainly to the fact that the thin 
fluid melt layer has a very slow heat transfer rate. Certain compounds 
in both groups sublime with profitably high specific heats. This not only 
facilitates reentry design but fits the concept of manned hypersonic vehicles 
entailing disposable parts. Laminating materials include tempered glass and 
quartz. Stainless steel, nickel-cobalt or molybdenum alloy screens might 
be used for structural backing. 

The beauty of this approach to hyperthermantic flight is its de- 
pendence on well-known industrial techniques and readily available ma- 
terials. And, importantly, it’s cheap. 


Time as an absolute standard is being challenged. Ephemerous 
time is based on there being 31,556,925.975 seconds in the year 1900; 
universal time, on there being 86,400 seconds in a day. The relationship 
of universal to ephemerous time is a standard that has never been seriously 
questioned, but on which all science is based. A 5-to-i0 year experi- 
ment just now beginning, however, seeks to find if time as man has defined 
it is so standard after all. Like the solar system—corrected for Relativity, 
known variations, etc.—is consistant, so is the state of the atom. Both, 
reduced to absolute terms, bear an unchanging relationship—or so we 
have assumed these many years. 

Current continuing measurements of the frequency of the cesium 
atom at Washington's Naval Observatory may, in a few years, prove this 
isn’t so. If it does, Relativity limitations may become potentials; man’s 
knowledge of his infinite environment may be grossly expanded and the 
rate of scientific progress accelerated exponentially. 

If this seems remote, remember: It was Rutherford’s work in the 
late 19th Century and Einstein’s in 1905 that ultimately lead to man- 
made nuclear power during World War II. 


The practical nuclear rocket has been brought closer by a 12-man 
California University team under Prof. Luis W. Alvarez. Without the 
100,000,000° temperatures now needed but with the same immense energy 
release, catalytic use of the negative mu meson “cold-fuses” heavy and 
light hydrogen into helium. Needed: A controllable production source 
of the scarce, short-lived mu meson. Outlook: Optimistic. 


° 
If anyone thinks ballistic missiles are “all-that-different” from 
military aircraft, the cost of research and development of “fool proof” 


guidance for long range missiles runs every bit as high as it does for 
the little black boxes in SAC bombers, interceptors, etc. 
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The Garrett Corporation is also 
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Four-speed actuator 


AiResearch two-motored unit provides automatic contro! plus an 
instantaneous manual override at the work end of its Air Data System 


During high-speed flight, where 
control is so delicate it is often by 
trim surfaces alone, immediate 
response under emergency condi- 
tions is of critical importance. The 
actuator shown allows immediate 
pilot override of the automatic sys- 
tem without any disconnect activity 
or mechanical clutching device. If 
necessary any one of four speeds 
may be instantaneously selected. 


THE 


Designers and manu 


CABIN AIR COMPRESSORS + TURBINE MOTORS + GAS TURBINE ENGINES + 
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The unit operates with complete 
dependability at ambient tempera- 
tures up to 300°F. 

AiResearch actuators operate on 
split-field or permanent magnet DC 
motors, on AC servo motors or on 
single-phase, two-phase or three- 
phase AC motors. They can supply 
feedback signals to the control and 
be provided with neutral position- 
ing and light-switches. 


We are now engaged in the de- 
velopment of Air Data Systems of 
all types, assuming full system 
responsibility. Because we manu- 
facture the entire system, including 
transducers, computers and actu- 
ators, you are assured of the utmost 
in system compatibility. 

Outstanding opportunities for 
qualified engineers. Write for infor- 
mation. 


CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


facturers of aircraft systems and COM pPONeNt{S: REFRIGERATION SYSTEMS - 


CABIN PRESSURE CONTROLS * WEAT TRANSFER EQUIPMENT + 


Circle No. 14 on Subscriber Service Card. 


ELECTRO-MECHANICAL EQUIPMENT + 


PHEUMATIC VALVES AND CONTROLS 


* TEMPERATURE CONTROLS 
ELECTRONIC COMPUTERS AND CONTROLS 
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SUBCONTRACTORS’ GUIDE: 


Missile Electronics 
and Astrionics 


Like a doctor checking a patient, this electronic specialist making 
careful adjustments to the telemetering brain of an NACA test missile sym- 
bolizes the critical importance of electronics and astrionics to the new age. 
In some major missile programs guidance development takes nearly two- 
thirds of the total project budget. The listing that starts to the right includes 
major U.S. companies doing missile work in the general fields of electronics 
and astrionics. Included are not only the names of the companies and their 
addresses but the names of their subcontracting officers as well. This is 
another m/r special service to its subscribers. 
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CALIFORNIA 


Ampex Corporation 


Elton Bell, Purchasing Department 
934 Charter Street 
Redwood City, California 


Associated Missile Products Corporation 


Fred Henion, Manager, Procurement 
2709 North Carey 
Pomona, California 


Bendix Pacific Division 

Bendix Aviation Corporation 

Robert N. Huntoon, Purchasing Department 
11600 Sherman Way 

North Hollywood, California 


Bill Jack Scientific instrument Company 


Richard T. Johnson, Digitac, Inc. 
420 S. Beverly Drive 
Beverly Hills, California 


Coleman Engineering Company, inc. 


E. J. Hannaman, Purchasing Department 
6040 W. Jefferson Boulevard 


| Los Angeles 16, California 


Cubic Corporation 


2841 Canon Street 
San Diego 6, California 


Donner Scientific Company 


| L. T. Anderson, Purchasing Director 


2829 Seventh Street 
Berkeley 7, California 


Dynalysis Development Laboratory, inc. 
Kenneth R. Jackson, President 

11941 Wilshire Boulevard 

Los Angeles 25, California 


Genisco, Incorporated 

G. F. Coyle, Purchasing Agent 
2233 Federal Avenue 

Los Angeles 64, California 


G. M. Giannini & Company, inc. 


P. A. Coleson, Purchasing Department 
918 E. Green Street 


Pasadena, California 


Gilfillan Brothers 


1815 Venice Boulevard 
Los Angeles, California 


Hallamore Electronics Company 

(Division of Siegler Corporation) 

James E. Cravens, Purchasing Department 

8352 Brookhurst Avenue 
Anaheim, California i 


Hoffman Laboratories Incorporated 
(Hoffman Electronics Corporation) 

R. A. Gingrich, Purchasing Director 
3761 S. Hill Street 

Los Angeles 7, California 
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MISSILE COMPONENTS 
HYDRAULIC TEST STAND 


Custom-designed for a specific use 
—the prolonged testing of hydrau- 
lic components at pressures in excess 
of 3,000 psi and temperatures up 
to 450° F. 





HYDRAULIC SERVO- 
MECHANISMS TEST STAND 


designed to test components and 
flows up to 10 gpm at 3,000 psi with 
simultaneous static pressures avail- 
able to 10,000 psi. Dynamic system 
pressures up to 5,000 psi are avail- 
able at reduced pump flow rates. 
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SUN ELECTRIC POWER 
ABSORBER 


for continuous duty operation at 
13,500 W. Takes up only % cu. ft. 
of space and weighs | Ib. per KW. 
Adaptations are already in use in the 
"Snark" and “Redstone” missiles 
systems programs. 
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When You Count 
Time in Terms 


of + 


Up there where time is expressed in terms of distance 
inconceivably short, you are in SUN territory. 





Functional testing of components in the aeronautical and 
astronautical fields demands positive knowledge from 
design engineers and positive skill in manufacture. SUN 
ELECTRIC CORPORATION, with years of experience 
in prime mover component testing, fulfills both desiderata. 


SUN’S engineers can help you when you are faced with 
problems in the following areas: 


—Ground support test equipment for missiles systems 


—Quality control test equipment for missiles 
component functions 


—Reliability-test equipment for the above 
—Firing stand test equipment 
—In-factory functional test equipment 


Call in a SUN engineer and let him work out a solution 
with you—you'll be glad you have his expert help. 


And Zz the time factor. SUN’S service is fast. We can 
work to your deadline! 


all toh a-lietkets]-1-1°)-7 wale]. 





GENERAL OFFICES: 6323 North Avondale Ave., Chicago 31, Ill. 
AERONAUTICAL DIVISION: 6701 South Sepulveda Boulevard, 
Los Angeles 45, Calif. 
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Librascope Incorporated 
M. Cowan, Purchasing Agent 
808 Western Avenue 
Glendale, California 


North American Aviation, Inc. 

Rulon Nagely, Corporate Dir. of Material 
International . Airport 

Los Angeles 45, California 


North American Aviation, Inc. 
Autonetics Division 

S. D. Zemansky, Purchasing Agent 
201 West Manville Street 
Compton, California 


Pacific Scientific Company 

Pacific Scientific Aeroproducts 

M. E. Hardigan, Purchasing Department 
711 West Broadway 

Glendale, California 


The Ramo-Wooldridge Corporation 
Mr. Fran Brown, Purchasing Agent 
6245 West 98th Street 

Los Angeles 45, California 


Raytheon Manufacturing Company 
Government Equipment Division 
Robert T. Kiely, Purchasing Agent 
Santa Barbara, California 


Missile Systems Division 


Fred H. Moore, Materials Manager 
Pt. Mugu, Oxnard, California 


Ryan Aeronautical Company 
M. K. Smith, Outside Production 
2701 Harbor Drive 

San Diego 12, California 


Servomechanisms, incorporated 
Western Division 

Rezin H. Mathews, Purchasing Agent 
12500 Aviation Boulevard 
Hawthorne, California 


Mechaponents Division 


Oran J. Cunningham, Purchasing Agent 
1000 El Segundo Boulevard 
Hawthorne, California 


Summers Gyroscope Company 

A. A. Hartman, Purchasing Department 
2328 Broadway 

Santa Monica, California 


Dalmo Victor Company 


(Division of Textron Incorporated) 
Ralph Brown, Purchasing Department 
1515 Industrial Way 

Belmont, California 


Telecomputing Corporation 

Vince Underwood, Purchasing Director 
12838 Saticoy Street 

North Hollywood, California 


Varian Associates 


H. Shutts, Purchasing Director 
611 Hansen Way 
Palo Alto, California 


CONNECTICUT 


Norden-Ketay Corporation 
Instrument and Systems Division 


Joseph Payette, Purchasing Department 
Wiley Street, Milford, Connecticut 


Perkin-Elmer Corporation 


W. Patrick O'Gorman, Purchasing Dept. 
Main Avenue, Norwalk, Connecticut 
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FLORIDA 


Radiation, Incorporated 


William Pierpont, Purchasing Director 
P. O. Box 37, Melbourne, Florida 


Minneapolis-Honeywell Regulator Co. 
Aeronautical Division (Florida Plant) 
Steven E. Puffer, Procurement Director 

P. O. Box 760 

Ulmerton Road and U. S. Highway 19 

St. Petersburg, Florida 


Rich Electronics Incorporated 


G. F. Williams, Purchasing Department 
212 N. W. 8th Avenue 
Miami 36, Florida 


ILLINOIS 


Aero Electronics Company 


B. S. Maximoff, Purchasing Department 
1512 N. Wells Street 
Chicago 10, Illinois 


American Bosch Arma Corporation 
Chicago Division 

E. B. Flood, Purchasing Manager 

5555 Archer Avenue 

Chicago 38, Illinois 


Cline Electric Manufacturing Company 
P. A. Benke, Purchasing Director 

3405 W. 47th Street 

Chicago, Illinois 


J. P. Seeburg, Corporation 
(Division of Fort Pitt Industries, Inc.) 
Ernest M. Caswell, Contract Division 
1010 Weed Street 

Chicago 22, Illinois 


INDIANA 


Farnsworth Electronics Division 


(Division International T. & T. Corp.) 
R. H. Hauser, Purchasing Director 
3700 E. Pontiac Street 

Fort Wayne, Indiana 


IOWA 


Collins Radio Company 


John Wagner, Purchasing Director 
855 35th Street, N. E. 
Cedar Rapids, lowa 


MARYLAND 


Bendix Aviation Corporation 
Bendix Radio Division 

E. A. White, Department 442 

East Joppa Road 

Towson 4, Maryland 

Hoover Electronics Company 
William H. Stiegler, Purchasing Agent 
4003 Seven Mile Lane 

Baltimore 7, Maryland 


Nems-Clarke, Incorporated 

O. E. Lanham, Purchasing Director 
919 Jesup-Blair Drive 

Silver Spring, Maryland 
Westinghouse Electric Corporation 


Electronics Division 

D. R. Tashijian, Engineering Manager 
2519 Wilkens Avenue 

Baltimore 3, Maryland 


MASSACHUSETTS 


Baird-Atomic Incorporated 


Russell Mahan, Purchasing Director 
33 University Road 
Cambridge, Massachusetts 





CBS, Incorporated 
CBS-Hytron Division 
100 Endicott Street 
Danvers, Massachusetts 


Electronics Corporation of America 
H. F. McKenney, Vice President, Engrg. 
| Memorial Drive 

Cambridge, Massachusetts 


Raytheon Manufacturing Company 


Paul B. Wilson, Director, 
Planning & Procurement 
Waltham 58, Massachusetts 


Missile Systems Division 


Bruce R. Brace, Purchasing Agent 
Bedford, Massachusetts 


Missile Systems Division 


Thomas J. Flannery, Purchasing Agent 
Lowell, Massachusetts 


Government Equipment Division 


George E. Larson, Purchasing Agent 
Wayland, Massachusetts 


Missile Systems Division 
Francis H. Smith, Purchasing Agent 
Lowell, Massachusetts 


Government Equipment Division 


Elmer G. Westlund, Purchasing Agent 
Waltham, Massachusetts 


Sylvania Electric Products Incorporated 
Electronics Systems Division 

J. H. Brewster, Director, Program Planning 
100 First Avenue 

Waltham, Massachusetts 


Ultrasonic Corporation 

W. Needre, Purchasing Director 
640 Memorial Drive 
Cambridge 39, Massachusetts 


MICHIGAN 


Abrams Instrument Corporation 
C. J. Arksey, Vice President, Sales 
606 E. Shiawassee Street 

Lansing |, Michigan 


Burroughs Corporation 

Paul S. Mirabito, General Manager, 
Defense Contracts Organization 
6071 Second Avenue 

Detroit 32, Michigan 


MINNESOTA 


General Mills, incorporated 
Victor E. Benson, Supervisor, 
Proposal & Contract Administration 
Mechanical Division 

2003 East Hennepin 

Minneapolis 13, Minnesota 


Minneapolis-Honeywell Regulator Co. 


Aeronautical Division 
W. Evert Welch, Procurement Director 
2600 Ridgway 


Minneapolis 13, Minnesota 


Remington Rand Univac 

(Division Sperry Rand Corporation) 

C. J. Knorr, Vice President & Gen. Mar. 
1902 W. Minnehaha Avenue 

St. Paul, W4, Minnesota 


NEW HAMPSHIRE 


insuline Corporation of America 


H. Weston, Purchasing Agent 
186 Granite Street 
Manchester, New Hampshire 
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Sanders Associates, Incorporated 

Chan Goldthwaite, Purchasing Department 
95 Canal Street 

Nashua, New Hampshire 


NEW JERSEY 


ACF industries, Incorporated 

ACF Missiles Group 

c/o Avion Division 

W. W. Bingham, Purchasing Department 
1! Park Place 


Paramus, New Jersey 


Air Associates, Incorporated 

L. W. Willey, Purchasing Department 
Teterboro Airport 

Teterboro, New Jersey 


Bendix Aviation Corporation 
Eclipse-Pioneer Division 

J. Quinn, Purchasing Department 
Teterboro, New Jersey 


Allen B. du Mont Laboratories, Inc. 
C. P. Martin, Purchasing Director 

760 Bloomfield Avenue 

Clifton, New Jersey 


Kearfott Company, Incorporated 


C. F. Bartlam, Purchasing Director 
Little Falls, New Jersey 


Radio Corporation of America 
Defense Electronic Products 

W. F. Covert, Purchasing Agent 
Building 8-9 

Front and Cooper Streets 
Camden |, New Jersey 


Standard Electronic Corporation 


William Fillger, Purchasing Department 
285 Emmet Street 
Newark 5, New Jersey 


Stavid Engineering Company 


Route U. S. 22 
Plainfield, New Jersey 


NEW YORK 


American Bosch Arma Corporation 
Arma Division 

W. M. Maughan, Procurement Manager 
Roosevelt Field 

Garden City, New York 


Amperex Electronic Corporation 

Walter F. Sandberg, Purchasing Department 
230 Duffy Avenue 

Hicksville, L. I., New York 


Eastern Precision Resistor Corporation 
J. Bowdin, Purchasing Department 

675 Barbey Street 

Brooklyn 7, New York 


Ford Instrument Company 

(Division of Sperry Rand) 

Charles Arcularius, Purchasing Department 
31-10 Thomson Avenue 


Long Island City |, New York 


Fairchild Camera & Instrument Corp. 


Stephen Einig, Purchasing Department 
Reconnaissance Systems Division 
Robbins Lane, Syosset, L. |., New York 


General Electric Company 
Apparatus Sales Division 

M. R. Johnson, Engineer Manager 
| River Road 

Schenectady, New York 


General Electric Company 

Light Military Electronic Eauipment Dept. 
M. R. Johnson, Engineering Manager 
French Road, Utica, New York 


General Precision Laboratory, Inc. 
W. P. Hilliard, Production Director 

63 Bedford Road 

Pleasantville, New York 


International Business Machines Corp. 


590 Madison Avenue 
New York 22, New York 


Kollsman Instrument Corporation 
Herbert Mazarin, Manager, Subcontracting 
80-08 45th Avenue 

Elmhurst 73, New York 


The W. L. Maxson Corporation 
J. E. Caddle, Procurement Manager 
475 Tenth Avenue 

New York 18, New York 


The Narda Corporation 

E. H. Godfrey, Contract Manager 
160 Herricks Road 

Mineola, New York 


Polarad Electronics Corporation 
L. J. Lieberman, Purchasing Director 
43-20 34th Street 

Long Island City |, New York 


Servo Corporation of America 
Robert O. Baxter, Purchasing Department 
20-20 Jericho Turnpike 

New Hyde Park, New York 


Servomechanisms, Incorporated 
Eastern Division 

Garyn H. Hunter, Purchasing Agent 
Post & Stewart Avenue 

Westbury, L. |., New York 


Mechatro! Division 

Bernard N. Gordy, Purchasing Agent 
625 Main Street 

Westbury, L. I., New York 


Sperry Gyroscope Company 
(Division Sperry Rand) 
Microwave Electronics Division 
G. C. Hees, Chief Buyer 
Great Neck, L. I., New York 


Telectro industries Corporation 
Stanley Rosenberg, General Manager 
35-16 37th Street 

Long Island City |, New York 


OHIO 


Aeronca Manufacturing Corporation 
H. C. Pettit, Director, Field Service Dept. 
1712 Germantown Road 

Middletown, Chio 


Avco Manufacturing Corporation 
Crosley Division 

Avco Defense & Industrial Products 
Harold Brouse, Products Director 
1329 Arlington Street 

Cincinnati 25, Ohio 


Goodyear Aircraft Corporation 


(Goodyear Tire & Rubber Company) 
H. A. Delaney, Purchasing Agent 
1210 Massillon Road 

Akron 15, Ohio 


Wacline, Incorporated 

R. G. Swanson, Purchasing Agent 
35 S. St Clair Street 

Dayton 2, Ohio 


PENNSYLVANIA 


Bliley Electric Company 
Union Station Building 
Erie, Pennsylvania 


Clifton Precision Products Company, inc. 
Sabine L. Baring-Gould, Liaison Engineer 
Marple at Broadway 

Clifton Heights, Pennsylvania 


General Electric Company 


Missile & Ordnance Systems Department 
John P. Benzie, Purchasing Agent 
Kenneth N. Thompson, Subcontractor 
3198 Chestnut Street 

Philadelphia 4, Pennsylvania 


Raymond & Rosen Engineering Products, 
Inc. 


Telemetering Division 
32nd and Walnut Streets 
Philadelphia, Pennsylvania 


Westinghouse Electric Corporation 


Defense Products Division 
R. M. Wilson, Sales Manager 
3 Gateway Center 

P. O. Box 2278 

Pittsburgh 30, Pa. 


TENNESSEE 
Raytheon Manufacturing Company 


Missile Systems Division 
Theodore L. Sheldon, Purchasing Agent 
Bristol, Tennessee 


WASHINGTON 


United Control Corporation 


Martin K. Lilheberg, Purchasing Director 
4540 Union Bay Place 
Seattle 5, Washington 


WEST VIRGINIA 


G. C. Wilson & Company 


G. C. Wilson, President 
1915 8th Avenue 
Huntington, West Virginia 


WASHINGTON, D. C. 


James S$. Spivey, Incorporated 

C. K. Vanderslice, Purchasing Department 
4908 Hampden Lane 

Washington 14, D. C. 


WISCONSIN 


John Oster Manufacturing Company 
Avionics Division 
| N. Main Street 
Racine, Wisconsin 








In a future issue m/r will publish a subcontractors’ guide to 
manufacturers of launching gear & other missile components 
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CONCEPT 


Unhampered by traditional thinking, TELECHROME en. 
gineers have developed an entirely new concept in tele- 
metering equipment. Today’s new environmental con- 
ditions and distances for missiles require new designs. 
TELECHROME units are unequalled in compactness, 
ruggedness* and dependability. Because of their supe- 
rior qualities these highly efficient units are replacing 
equipment of other manufacture. 


Write for 
Specifications 
& Details 


Circle No. 


13 on Subscriber 


Direct FM Transmitters Crystal controlled 215-235 mega- 
cycles. 125ke deviation. 


Model 1462—6” x 4a” x 3%” 
50 to 80 Watts 


Model 1463—5'%2” x 
Ya" aa 
15 to 30 Watts 


Model 1472—4” x 1.5” 
x 2.7” 
2 Watts 


Model 1460—5” x 45@”" x 3'¥,,* 
RF Amplifier 
15 to 30 Watts 


UB-CARRIER iL > 
Deviation stability +1% 
of band width. Deviation 
linearity less than 1% of 


ditions measured from a 
straight line drawn be- 
tween end points. 


*Withstands 
200 G shock 
test. 





HIGH POWER 
IN SMALL PACKAGES 


The Nation's Leading 
Supplier of Color 
TV Equipment 


28 RANICK DRIVE 
AMITYVILLE, N. Y. 
Lincoln 1-3600 
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French Coleopter 


Missiles Underway 





% pre, Pe OP Me ve eer 


Missile derivations are planned for 
SNECMA'’s “Flying Atar” VTOL test 
vehicle. Shown above is the original P1 
version of the French device. To date 
it has made some 200 takeoffs and 
landings. A piloted version, the P2, is 
ready for its test program while a more 
refined version, the P3, with a full cock- 
pit with a rotating seat will be the next 
step. 

From the P3 SNECMA will build 
an experimental aircraft with an an- 
nular wing, the C 450. This coleopter 
will be subsonic. It will make vertical 
takeoffs and landings but will fly like 
a conventional aircraft. Subsequently 
SNECMA will build a coleopter with a 
ramjet as well as an _ afterburner- 
equipped Atar turbojet. The ramjet will 
be installed in the space between the 
jet engine and the annular wing. 

Eventually the “Flying Atar” will 
be developed into a Mach 3 vehicle, 
either in the form of a missile or a 
piloted aircraft. In five to ten years 
SNECMA can envisage civil applica- 
tions of the formula. The most impor- 
tant use for the coleopter type of ve- 
hicle, however, is likely to be military 
in view of its small size and outstanding 
performance. 
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World Astronautics 


By Frederick C. Durant Il 


Outside of the U.S. only two countries have reported work on 
three-stage rocket vehicles. One of these was the Japanese Kappa rocket 
program, (m/r October 1955). The other rocket, a French one, is known 
as the Monique. The program has been under way for more than a year 
but little information has yet been released. Use of staged rockets in- 
troduces the designer to problems of clean separation and smooth ignition 
at space-equivalent conditions. 


Japan’s initial series of rocket tests in preparation for the IGY came 
to a successful conclusion in December with the launching of the seventh 
Kappa 128-JT at Michikawa. The test program is expected to be resumed 
in March when a double Kappa rocket will be launched. 


British physicist Arthur C. Clarke is known equally well for his 
writings in science (EXPLORATION OF SPACE) and science-fiction 
(THE CITY AND THE STARS). Completing a five months’ lecture tour 
of the U.S. he met with key individuals of Project Vanguard at the Naval 
Research Laboratory and Martin, Baltimore. In addition, he talked with 
those at The National Academy of Sciences and The National Science 
Foundation concerned with the overall U.S. program for IGY satellite 
vehicles. First hand impressions gained will end up in a forthcoming book 
on satellite vehicles to be published this fall by Harper and Brothers. The 
tentative title is THE MAKING OF A MOON. 


On New Year’s Day, Dr. J. Allen Hynek, Associate Director of the 
SAO, left for a month’s tour of South America to follow up preparations 
for the official optical tracking program and to evaluate the interest in 
volunteer observing teams. First stop on his trip is Buenos Aires, where 
Hynek will meet with the Argentine IGY Committee Chairman and 
Professor T. M. Tabanera. 
a 


Einstein’s Restricted Theory of Relativity (1905) contained one 
theorem entitled “The Behaviors of Measuring Rods and Clocks in 
Motion.” Interpretation of this theorem has led to periodic controversy. 
The question is if a “clock” moving at near-light speeds would keep slower 
time than a “clock” which, relatively, is stationary. At the Seventh Con- 
gress of the International Astronautical Federation at Rome last Septem- 
ber there was speculation on human aging rates under the same relative 
conditions. Kurt R. Stehling has a neat, witty summary of articles on the 
matter in the January issue of the ARS JET PROPULSION. Prominent 
scientists take contradictory stands. The ability to hurl sub-atomic particles 
at near-light speeds may provide data to settle this intriguing paradox once 
and for all—in any event, probably before any future generations have 
to test the time dilation effect in manned space vehicles. 


Eighth Annual Congress of the International Astronautical Feder- 
ation will be held at Barcelona, Spain, October 6-12, 1957. A focal point 
for technical papers and discussion on rocket and astronautical subjects, 
with representatives of twenty-one countries, the size of the Congresses 
has grown rapidly. More than 70 U.S. visitors and delegates were present 
at Rome. With the advent of the IGY and the anticipated Vanguard 
launchings this year, the Barcelona Congress is expected to be an out- 
standing event. A brochure describing the history and aims of the IAF 
is available upon request to: IAF, 35 Lowell Road, Concord, Mass. 
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European Rocket Engineers 





OUTH OF THE equator the world 
center of astronautical interest is in 
Buenos Aires, Argentina. There, the 
Asociacion Argentina Interplanetaria 
(AAD) has achieved national recognition 
for its many diverse activities. 
Right now, the AAI is busy prepar- 
ing for the optical tracking of the U.S. 
satellites. During the Seventh Congress 
of the LAF held at Rome last September 
(M/R October 1956) Professor Fred L. 
Whipple, director of the optical track- 
ing program for the U.S. satellites out- 
lined the need for volunteer tracking 
teams. The AAI was one of those IAF 
Members interested in the problem. 
Founder and energetic President of 
the AAI is Prof. Teofilo M. Tabanera. 
In 1930, as a young mechanical engi- 





Asociacion Argentina Interplanetaria Presi- 

dent and astronautics pioneer PROFESSOR 

TEOFILO M. TABANERA., well-known IAF 
personality. 
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By Frederick C. Durant, Ill 


neer, Tabanera wrote his first article on 
the possibilities of space flight. Eventu- 
ally, in 1948, he organized a study group 
including: Ing. Felipe Reca, Sr. Fran- 
cisco von Proschek, Sr. Carlos Krotsch, 
Sr. Juan Lazlo, Ing. Jose Ovidio Mar- 
tinez, Ing. Rodolfo Martinez de Vedia, 
Sr. Juan Landajo, Sra. Herminia Bal- 
ado, and Sr. Arturo Loeffler. 

Austrian-born von Proschek has 
been an electrical engineering specialist 
with the Buenos Aires branch of the 
Siemens-Halske, AG, for twenty-five 
years. Krotsch and Lazlo are both of 
Austrian descent. They are electrical 
engineers each with more than 20 years 
experience with the Siemens organiza- 
tion. Martinez has a mechanical and 
electrical engineering background and is 
a consultant for the petroleum industry 
and is president of the South American 
Petroleum Institute. Martinez de Vedia 
has been a professor of mechanical en- 
gineering at La Plata University for 
nearly twenty years. 

Also included in AAI membership 
are: Dr. Otto Waltz and Ing. Ricardo 
V. Dyrgalla. The latter, a current AAI 
director, who received his science de- 
gree from the University of Danzig be- 
fore the war, served as an RAF fighter 
pilot and later as scientific officer at the 
RAE, finally emigrating to Argentina in 
1947. In 1948 he designed and tested 
the first Argentina liquid propellant rock- 
et motor. Dr. Otto Waltz, a former Ger- 
man, at one time designed V-2 fuel 
pumps for H. Walther at Kiel. Near the 
end of the war he developed rockets at 
the Schmidding works. He is now tech- 
nical advisor to the D.G.N.F.M. (Gen- 
eral Bureau of Military Production). 


in Argentine Astronautics 


The Sociedad Argentina Interplan- 
etaria was officially established in 1951, 
later changing to the present title. 

Growth of the AAI passed the 600 
membership mark in 1956. About one- 
third are professional people, university 
graduates; one-third, technicians and 
specialists; and one-third, university and 
technical students. It is interesting that 
the U.S. Earth Satellite Program has had 


little effect upon the rate of growth. The | 


battle for acceptance of astronautics as 
a legitimate science had already been 
won in Argentina. 


German Scientists Help 


Of no small help were the dozens 
of German scientists and engineers who 
emigrated to Argentina after World War 
II. Some of these men had played a part 
in World War II German rocket devel- 
opments. Many are now employed by 
the Argentine aeronautical industry and 
the Institute of Scientific Research of 
the Armed Forces. 

AAI activities during the past few 
years have been varied. In Argentina de- 
fense requirements rocket research are 
small. Interest in astronautics is, there- 
fore, self-generated. 

Papers have been presented on sub- 
jects ranging from “sounding rocket re- 
search,” “electronics requirements of 
rockets,” “interplanetary navigation” 
and “uses of plastics in astronautics” to 
“legal aspects of artificial satellites” and 
“space medical research.” Dr. Aldo Ar- 
mando Cocca, recently a delegate to the 
Legal Committee, ICAO meeting in 
Montreal, is one of the small group of 
lawyers who have in recent years given 
careful consideration to “space law.” 
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IERC literature and latest Octal and Power tube shield Technical Bulletin 


electronic research corporation 
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-the heats off! 








T his Electronic Reliability Engineer just discovered the IERC way 
to insure his chances of meeting equipment reliability specifications 
and military acceptance schedules. 

Tubes failures (too often and too soon) caused by heat and vibration, 
the major causes of electron tube failures, were his problem. 

With IERC Heat-dissipating Tube Shields, the “heat was off” both 
the suffering tubes and our man with the problem! Tube operating tem- 
peratures were lowered as much as 150°C and tubes are lasting 5 times 
longer. Schedules were met—time and money saved—highest tube 
reliability achieved! 

Suspect and investigate the heat and vibration menace when tube fail- 
ures plague you. Eliminate it with IERC Heat-dissipating Tube Shields 
—available in sizes for Miniature, Subminiature, Octal and Power 

types of electron tubes. 


PATENTED OF PATS PEN 1ERC T-12 SHIE > AN BASE WiTH 60860 TUBE | TRATED 


CROSS-LICENSEO WITH NORTH AMERICAN AVIATION, INC. 


available now—FREE! 


International “dx. 





145 West Magnolia Boulevard, Burbank, Calif. 














THERMAL CONDITIONING OF ROCKETS AND GUIDED MISSILES 
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HEATING OPTICAL, ELECTRONIC, OR HYDRAULIC AIRBORNE EQUIPMENT 


WHERE CAN YOU USE 
G-E SPECIALTY HEATING EQUIPMENT? 


Whenever your equipment requires 
thermal conditioning, General Electric 
specialty heating equipment can help. 

G.E. has had extensive design 
and manufacturing experience in pro- 
viding controlled heating for a wide 
variety of applications. These applica- 
tions range from giant guided missile 
blankets to tiny one-inch-long accel- 
erometer heaters. Problems of intricate 
shape, large or small size, unusual en- 
vironmental conditions, and amount 
of heat required have all been solved. 


LET US ANALYSE YOUR HEATING 
PROBLEM; a General Electric specialty 
heating expert is available and a 
prompt answer is assured. 


FOR MORE INFORMATION contact your 
General Electric Aviation and Defense 
Industries Sales Office or send coupon. 


| Generel Electric Company 
| Section CC220-10A, Schenectady 5, N. Y. 


| Please send me new bulletin GEA-6285, 
G-E Specialty Heating Equipment. 

| ] for immediate project 

| ) for reference only 


| 
| 
| 
| 
| Name | 
| 
Company | 


| 
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Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 








Ihe works of Drs. H. J. A. von 
Beckh and Heinz von Diringshofen of 
the National Institute of Aeronautica] 
Medicine in Buenos Aires have been re- 
ported in the Journal of Aviation Medi- 
cine in the U.S. Papers by Cocca, von 
Beckh have been presented in behalf 
of the AAI at the annual congresses of 
the International Astronautical Federa- 
tion in Europe. 

The AAI has conducted two six- 
month astronautics courses, basic and 
advanced, for the past two years. Under 
the direction of Dr. Otto Waltz and Ing. 
Ricardo Dyrgalla a small group of 
younger members of the AAI have cal- 
culated, designed and constructed a 
liquid propellant mic: 0-rocket motor. 

In October 1955 the AAI held an 
exhibition which drew an attendance of 
more than 80,000 in its twenty days’ run. 
Exhibits of models, photographs, charts 
explaining astronautics and the AAI 
micro-rocket set-up were displayed. 
Plans have now been made with the 
Argentine Government to set up an AAI- 
administered planetarium. 

A 36-page review of activities and 
short articles is published quarterly. An 
astronautical library is maintained at 
secretarial headquarters. From time to 
time the AAI holds special meetings or 
social functions. An example of these 
was the overnight trip to the 1.A.M.E. 
factory and the reaction motor proving 
grounds at Jose de la Quintana, Cordoba. 

The AAI played a significant role 
in stimulating interest which resulted in 
the establishment of the Astronautics 


This conception of an earth satellite was on 
display at the October 1955 AAI exhibition 
in Argentina which drew an attendance of 
80,000. Note the arrangement of antennae. 


missiles and rockets 








: 





Jan 














ese 


ing 
ba. 
ole 
| in 
tics 





MISSILE METAL MACHINING 


. a guided missile component being machined at Diversey Engineering. 
Another of the many missile hardware parts involving intricate and difficult 
machining techniques. Diversey Engineering makes these and many other missile 
and jet hardware parts. Some of these parts are midsections, accumulators, 
bulkheads, rings, cones, and nozzles. 

Have your work doe at Diversey Engineering by skilled machinists who use 
the finest and newest equipment, one of which is the very latest 48” Monarch 
Air Gage Tracer Lathe. Nowhere else can you get such extensive facilities and 
experienced machinists for contour machining of Titanium, Inconel, A-286, 
Haynes Stellite, and Zirconium. 

Write or phone for information regarding your designs and blueprints. 


LEADERS IN CONTOUR MACHINING 


Dwersey ENGINEERING COMPANY 


10257 FRANKLIN AVENUE + GLADSTONE 5-4737 
FRANKLIN PARK, ILLINOIS «+ A Suburb of Chicago 





- FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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Center at the National University of 
Cuyo, Mendoza. Founded in 1953 by 
the Rector of the University, Dr. I. Fer- 
nando Cruz, in the Department of Sci- 
entific Research, it is believed that this 
was the first formal recognition of astro- 
nautics by a university. Directorship of 
the Astronautics Center was offered 
originally to Austrian-born Dr. Ing. 
Eugen Saenger and his wife Dr. Irene 
Saenger-Bredt. 

The Siéengers, widely known in 
rocket and astronautical circles, were at 
this time working for the French de- 
fense department near Paris. Saenger 
was formerly director of the German 
Luftwaffe rocket center at Trauen. 
Known especially for his technical works 
including Raketenflugtechnik, Saenger 
and his mathematician wife developed 
the preliminary design study for the 
globe-circling rocket bomber. 

Unfortunately for the Institute, 
difficulties prevented the travel of the 
Saengers to Argentina. The first direc- 
tor was the well known Dr. Ing. Walter 
Georgii, a close friend of the Saengers. 

When Dr. Georgii took over the 
directorship of the Astronautics Center 
there were five other Argentine academic 
institutions with astronautics research in- 
terests. They were: Institute of Nuclear 
Physics, Aerophysics Institute, Mathe- 
matics Center, Faculty of Medical Sci- 
ence Tomas Peron, all in Mendoza; and 
Astronomical Observatory Felix Aquilar, 
in San Juan. 

Professor Georgii’s efforts were di- 
rected towards a program of upper 
atmosphere research consisting of a 
sounding rocket program limited to a 
modest 60 km. The sudden death in 
1954 of the founder, Dean Cruz, and 
the subsequent departure of Dr. Georgii 
from Argentina has resulted in the ac- 
tivities of the Astronautics Center vir- 
tually ceasing for the moment. 

Further IGY activities of AAI in- 
clude: translation of the MOON- 
WATCH Bulletins for distribution to 
Spanish-speaking astronomers and IAF 
Member Societies. This assistance was 
welcomed. The MOONWATCH Bulle- 
tins are published by the Smithsonian 
Astrophysical Observatory, Cambridge, 
Mass., for the guidance of trackers. 

Early in January Dr. J. Allen Hy- 
nek, Associate Director of the Smith- 
sonian Observatory will meet with Taba- 
nera in Buenos Aires to discuss progress. 
Professor Hynek, of the Ohio State Uni- 
versity astronomy department, is on 
leave to aid Professor Whipple in the 
IGY optical tracking program. 

The AAI is cooperating with the 
Asociacion Amigos de la Astronomia in 
organizing volunteer tracking teams. It 
is expected that at least three groups 
will be established in Argentina—in 
Buenos Aires, Rosario and Cordoba * 
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International Scene 


By Anthony Vandyk es Ai 

Low price was the prime reason why Japan ordered 200 Airone 
proximity-fused rockets from an Italian company, Polverifici Stac- 
chini of Rome. The Airone uses solid fuel and is reported to have a range 
of 6,500 ft. The Japanese Air Force will test fire the Airone rockets 
from F-86F fighters. Polverifici Stacchini is working on a guided ver- 
sion of the Airone to be submitted to the Italian Air Force for evaluation 


Vickers-Armstrongs’ air-to-air missile has been cancelled by 
the British government and, as a consequence, the British firm’s Aus- 
tralian subsidiary has scheduled the closing down of its guided weapons 
division. The cancellation was decided because the missile was deemed 
too complicated and ambitious. Another company is to supply a cheaper 
and less complex weapon in place of the VA missile. 


On the lonely rocky Mediterranean island of Sardinia Whitehead- 
Motofides has been testing its new A.R./5 liquid-fuel auto-feed rocket. 
The Italian company, with its headquarters in Leghorn, is understood 
to have developed the A.R./5 as an intermediate test vehicle as part of 
a program to develop a larger, fully guided ground-to-air missile. 


“Fissile Missile” is the nickname used in the British press for 
the ICBM with H-bomb warhead under development by the British 
industry. Main headquarters for work on the British ICBM are at 
the Royal Aircraft Establishment. The work is under the direction 
of the Ministry of Supply’s Ballistic Missile Division which is headed 
by 40-year-old Denis Lyons. 

* 


Many European companies are performing research work in 
the missile field under USAF contracts. One such contract has been 
awarded to Italy’s Centro Italiano per la Propulsione a Reazione, located 
in Turin. It is understood that the Centro has been asked to develop 
a missile in the Sidewinder category with infra-red guidance. 


It seems that it may be some long time before Fairey Aviation 
will be able to mention anything other than the air-to-air Fireflash in 
discussing its missile activities. Board Chairman Roland T. Oulton 
recently told stockholders that the new projects under way in the 
firm’s Guided Weapons Division are “of long-term nature, due to 
their complexity.” He reported that interest has been shown in the 
Fireflash by NATO countries. 

s 


Ihe French Navy is becoming very missile conscious. Its 1957 
budget provides for the conversion of the transport, Ile d’Oleron, into 
an experimental missile-launching ship. The 1958 budget will include a 
5,000-ton missile-equipped cruiser as well as a 30,000-ton aircraft carrier. 
The French Navy is putting a lot of faith, and money, inte the Breguet 
1050 Dart-powered anti-submarine aircraft which is equipped with mis- 
siles. Fifty have been ordered under the 1956 budget, 25 in 1957 and 
a further 25 in 1958. 
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Consult Fruehauf’s Experienced Engineering 
And Production Staff With Any Problem In 
Missiles Handling Equipment 


Whether your problem concerns weapons as large as the 


Fruehauf has expert, experienced engineering and pro- 
duction help to offer in the packaging and handling of the 
units. This experience includes many different types of 
packaging and cradling units, including the channel- 
shaped pallet type and the conventional rectangular box 
type. Facilities at Fruehauf’s 14 plants are ideally adapted 
to the manufacture of steel, aluminum, or stainless steel 
containers and thermo-insulated containers as well. 

Containers developed to date with Fruehauf assistance 
have been operative from assembly to launching area, 
with a single container serving as a cradle during final 
assembly and check-up testing, as a container during 
storage or shipment by air, land, or sea, and as part of 
the erecting and launching mechanism unit itself. 


Send now for full information. 


FRUEHAUF TRAILER COMPANY 


PRODUCTS DIVISION 
> 
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World's Largest Builder of Truck-Trailers 


FRUEHAUF TRAILER COMPANY 
10984 Harper Avenue 
PLEASE SEND FULL INFORMATION ON FRUEHAUF 


DEFENSE CONTRACTS CAPABILITIES. 
letterhead, sign, and mail. 





Detroit 32, Michigan 











NICKEL FORECAST: 


Four More Years of Shortage 


Recent decision by The Interna- 
tional Nickel Co. of Canada to boost 
its annual nickel output by some 65,000 
tons starting in 1960 should prove wel- 
come news to aircraft, missile and 
rocket builders. 


But before this new found supply 
becomes a reality, industry can look to 
a continuing shortage, possibly lasting 
through 1960, according to market con- 
sultant Henry D. Lytton. 


Demands for nickel-bearing stain- 
less steels and jet engine super-alloys 
continued unabated throughout 1956. 
Future needs for these same metals, plus 
those of K-Monel and nickel-cobalt al- 
loys being developed to beat the heat 
problem in supersonic aircraft and mis- 
siles, have introduced an unknown 
quantity into the nickel supply picture. 


According to the Lytton report, the 
true nickel shortage last year was larger 
than apparent in consumption trends. 
As a result, stainless steel scrap prices, 
particularly those of nickel-bearing 18-8 
stainless, rode the crest of the shortage 
and soared as much as 45% between 
January and the year end. 

If 1956 supplies had been adequate, 
the former government metals specialist 
adds, steel production alone could have 
used more than 77,000 tons of newly- 
mined nickel in meeting present de- 
mands and regaining all markets lost 
during the past 10 years of intermittent 
shortages. Another 88,000 tons usable 
by industry pegged the 1956 need at 
165,000 tons, before allowances for any 
government stockpiling. 


Against this need stood a late-year 
Commerce Dept. forecast of 150,000 
tons supply in 1956 and 162,500 tons 
this year. 


And just how influential aircraft 
and missile industry needs may be in 
shaping the future nickel supply situa- 
tion is borne out in Lytton’s analysis of 
1965 demands. 

Steel industry, he estimates, will re- 
quire an additional 12,000 tons and non- 
steel nickel markets another 10,500 tons, 


INDUSTRY SPOTLIGHT 


By Joseph S. Murphy 
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placing minimum 1965 demands 22,500 
tons above the 165,000 tons that could 
have been used in 1956. 

However, the analysis took into ac- 
count present-day needs of some 12,000 
tons of nickel in super-alloy stainless 
steels for jet engines, but made no pro- 
vision for expanded civil and military 
jet needs or those for supersonic and 
hypersonic aircraft and missile. 

Assuming that the first-half 1956 
rate of jet engine super-alloy production 
were to increase four-fold in the next 10 
years, says Lytton, total demand for 
nickel immediately would approximate 
Office of Defense Mobilization’s 220.- 
000-ton goal. 

On the world-wide nickel produc- 
tion scene, according to Inco president 
Henry S. Wingate, the company’s plan 
for increased production coupled with 
that of other industry sources should 


mM 


bring 1960 nickel output between 300,- 
000 and 312,500 tons. This would repre- 
sent a jump of about 82,500 to 100,000 
tons over 1955's total output of 213,500. 

Inco’s expansion, involving two 
new mines in the Mystery-Moak Lakes 
area of Northern Manitoba, is a $175,- 
000,000 project. When in operation, it 
will constitute the second largest nickel- 
producing operation in the world—the 
largest being the company’s present op- 
eration in the Sudbury District of On- 
tario, Canada. 

The Manitoba activity, plus pro- 
grammed output from Sudbury, will 
raise Inco’s 1955 nickel production 








about 50%, or by approximately 130,- 
000,000 pounds to 385,000,000 pounds 
Of this, some 24,000,000 pounds will be 
regular production to replace present 
temporary premium-priced production 
for the U.S. government stockpile. and 
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Key role of nickel in development of high speed aircraft and missile structures is evident 
in these 1|,000-hr. stress vs. temperature curves. It extends from present use in nickel-bearing 
stainless, through the nickel cobalt group. 
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Below —65F Series Constant De- 
livery Pumps—.5 to 3.0 gpm at 
1500 rpm. Speeds to 10,000 rpm 
and over. Pressures to 3000 psi. 


From the first concept, through the prototype and 
on into production, STRATOPOWER Hydraulic 
Pumps belong in the forefront in the development 
of guided missiles and jet aircraft. The higher the 
accent on reliability, the more important becomes 
the jewel-like precision, greater compactness and 
light weight of Series 65F and 65W Pumps to 
soundly meet your requirements, Get all the facts 
on new developments in high speed, high temper- 
ature STRATOPOWER Pumps... write today to 
Dept. 718-A 


WATERTOWN oivision 


THE NEW YORK AIR BRAKE COMPANY fy ) 


STARBUCK AVENUE ° WATERTOWN: N.Y. 


ets 

















the balance of 106,000,000 will repre- 
sent at net increase in total capacity for 
industry consumption. 

The Lytton report, issued prior to 
the Inco decision, traces nickel con- 
sumption over the past 45 years and 
forecasts demands over the next ten 
years. Copies of the 81-page document 
along with a 20-page analysis of 1956 
nickel demand are available from Henry 
D. Lytton, 1326 27th St., Washington 7, 
D.C., at $10.00. 


North American Aviation 
Surveys Midwest 


North American Aviation’s Rock- 
etdyne division is making a detailed sur- 
vey in midwestern states to determine 
new vendor sources for its Neosho, 
Mo. plant. H. H. Vaughn, superintend- 
ent of manufacturing; R. L. Radford, 
supervisor of purchasing, outside pro- 
duction, and N. G. Irvin, inspection, 
form a team currently visiting vendor 
sources checking capabilities of vendors 
to produce the intricate valves required 
at Neosho. Initial valve requirements 
have been placed with present Rocket- 
dyne suppliers in California. Several 
other vendor surveys are just now being 
gotten under way. 
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Uiustrated above are a few of the many 
envir fol diti which these 
compact timers are designed to with- 
stand. More rigid requirements frequentiy 
can be met upon special consideration. 
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Renegotiation Decisions 
Hit Three Missile Firms 


Douglas Aircraft Co. in December 
became the third major aircraft and 
missile producer to be judged on the 
receiving end of excess profits. 

The Southern California regional 
Renegotiation Board recommended that 
profits of the Nike and Honest John 
producer be ruled excessive in the gross 
amount of $9 million for fiscal year 
1953. If upheld by the Renegotiation 
Board in Washington, this would indi- 
cate a possible net refund to the gov- 
ernment of $2,240,000. 

Company president Donald W. 
Douglas said the company was not yet 
informed fully of the basis for the re- 
gional recommendation, but maintained 
that proper consideration of all facts 
would show its profits were not ex- 
cessive. 

In November, North American 
Aviation, Inc. was notified by a re- 
gional board that its 1953 profits were 
considered excessive in the amount of 
$6 million. Allowance for state and 
federal taxes for this amount would 
entail a refund of $1.3 million, if up- 
held. 
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Write for Bulletin AWH TD401 


Bulletin AWH TD401 Describes 
6400 Series — DC units 
11400 Series — AC units 
24300 Series — 400 cycle units 
Nominal Range of Adjustment: 8-1 
Timers supplied with: 
AN connector 





Hermetic Adjusting Knob 
Giass Window and Calibrated Dial 


The AZ 
A..W-FIAYDON | 


COMPANY 


231 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Design ond Menvlectore of Electre-Mechenicel Timing Devices 
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The third producer, Boeing Air- 
plane Co., is still contesting a decision 
of the Renegotiation Board that its 
1952 profits were $10 million in excess. 
Boeing comptroller Clyde Skeen, in a 
recent address, urged that Congress 
undertake a comprehensive review of 
current administration of the Renegoti- 
ation Act. 

Skeen contended that the trend of 
present administration of the statutory 
Renegotiation Board, if it continues, 
will destroy industry incentive and re- 
sult in less defense per dollar. He noted 
that if it is Congress’ intent to arbitra- 
rily restrict profits, this can be accom- 
plished much more simply than by the 
complex, time-consuming and expen- 
sive process of renegotiation. 


Titanium Production Up 
Sharply This Year 


Production of mill products by the 
titanium industry almost tripled its 
1955 volume last year and will more 
than double its 1956 output this year, 
according to T. W. Lippert, Titanium 
Metals Corp. of America. 

The TMC sales manager estimates 
output of finished mill shapes totaled 
10.6 million Ibs. in 1956 compared to 





AN UNUSUAL BUY! 
SATELLITE TELESCOPE 


Edmund Scientific Co. was consulted by the co- 
ordinator of Visual Satellite Observations of the 
Smithsonian Astro-Physical Observatory regarding 
development of an optical instrument to meet the 
unique requirements of MOONWATCH. Needed 
was a tow-cost instrument of greatest possible 
field—with the ability to observe faint objects 
with only slight magnification. Poesult—our Eds- 
corp Satellite Telescope! Features: Wide (Simm) 
diameter, tow reflection coated objective lens. 6 
elements, extremely wide field, coated Erfle Eye- 
piece which, in combination with the objective, 
gives 5.5 power with a big !2 degree field and 
over 7mm exit pupil. 


OTHER USES FOR THE SATELLITE SCOPE 


Makes a ertect wide field finder. Makes a 
wonderful Comet seeker. Makes a fine Richest- 
Field telescope. 

Stock No. 70,074-CS .. 
Order by Stock No.—Send Check or 
Money-back Guarantee 


WRITE FOR FREE CATALOG “CS” 


We are Astronomical Telescope Headquarters 
Comptete Line of Astronomical Telescope Parts 
and Assembled Telescopes. Also huge selection of 
lenses, prisms, wer surplus optical instruments, 
parts and accessories Telescopes, microscopes, 
binoculars, etc Request Catalog ‘CS.’ 


EDMUND SCIENTIFIC CO., Barrington, ¥.! 
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Model GLH 


A rugged magnetically damped in- 
strument with low natural frequen- 
cies for low range. High-quantity 
production assures good price and 
delivery schedules. Available in 
ranges from +1 G to +30 G. 





Model GMO 


A rugged, miniature, viscous-damped 
instrument with ranges from +2 G to 
+30 G. Unbalanced-range instru- 
ments also available. Medium high 
natural frequencies. 


Model DDL 


Magnetically damped low-range in- 
strument available in ranges from + 1 
G to +30 G. Ultra-sensitive models 
supplied as low as +0.1 G. Certified 
to MIL-E-5400 and MIL-E-5272A. 
Especially good in severe shock and 
vibration applications. An accelera- 
tion-sensitive switch version of the 


DDL is designated as the Model DDS 





Model GMT 


Basically a Model GMO with internal 
thermostat-operated heater, assuring 
maximum environmental stability 
within the instrument. Damping re- 
mains constant with change in ambient 
temperature. 


Model GAL 


Incorporates a variable transformer 
a-c output with the magnetically 
damped sensory mechanism of the 
proven Models DDL and GLH. 
Superior reliability, life, resolution, 
and sensitivity. Available in ranges 
from +1 G to +30 G. Range as low 
as +0.1 G also obtainable. 





Modei GDM 


Miniature double-potentiometer in- 
strument capable of sensing lateral 
acceleration in two mutually perpen- 
dicular planes (e.g., pitch and yaw). 
Ideally suited for missile and high- 
speed aircraft flight control systems. 


NEW! GENISCO ACCELEROMETERS NOW 
GOLD PLATED FOR GREATER RELIABILITY 


CASES GOLD PLATED INSIDE AND OUT— This new trend 
in instrument plating has two important advantages 
over tin plating or fusing. Being the least active metal, 
gold prevents the formation of crystalline “whiskers” 
inside the case which could reduce performance and 
even cause malfunction. Gold plating also assures posi- 
tive protection against corrosion to the exterior of the 
case and, because of its excellent solderability, makes 
possible a more reliable hermetic seal. The new gold 
plating is available on all models at no extra cost, 


Descriptive data sheets available on all models. 


Please send request on company letterhead. 
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We have come a long way since Da Vinci designed his primi- 
tive winged machine; an even longer way from Icarus’ attempt 


to imitate birds. Doubtless, there is still a long way to go. 


In the years of experiment and achievement that lie ahead, | 
YARDNEY COMPACT POWER PRODUCTS will continue to play impor- 
tant roles. Lighter and smaller than any other batteries, the | 
YARDNEY SILVERCEL* and the YARDNEY SILCAD* offer the way to new 


and higher standards of economy in the size and weight of 


battery-powered equipment. Rahekiieiaineednts tadihh exaneen teen 


YARDNEY ELECTRIC CORPORATION 








“pioneers in compact power’ 40-50 LEONARD ST., NEW YORK 13, N. Y. 





3.8 million in 1955. This year the fig- 
ure will rise to about 23 million 
pounds, he said. 

Meanwhile, titanium sponge 
dropped in cost to $2.75 a pound from 
$3.45 a year ago and $5.00 in 1954. 


Convair Gets $29 Million 
Contract for Terrier 


Navy has awarded Convair-Pomo- 
na division a $29 million contract to 
produce guidance and control units for 
Terrier missiles. The Navy also con- 
firmed that Convair has entered pro- 
duction with a new version of the 
antiaircraft missile. 

Ihe improved Terrier entered pro- 
duction September |, about two months 
before phase-out of the original ver- 
sion. The new Terrier is basically the 
same missile with revised engineering 
features to increase its producibility. 

Ihe Convair supersonic surface- 
to-air missile is now fitted on the 
cruisers Canberra and Boston as well as 
the destroyer Gyatt. According to Bu- 
reau of Ordnance chief RAdm. F. S. 
Withington, Navy plans its use on 
many other destroyer vessel types. 


Martin Sees $300 Million 
In Sales for 1956 


Final sales figure at The Glenn L. 
Martin Co. for the year 1956 is ex 
pected to top $300 million, up more 
than 8% from $272 million in 1955, 
according to Martin secretary-treasurer 
V. L. Lucas. 

Ihe Baltimore firm, engaged in 
three major missile projects (Matador, 
Lacrosse and Titan) plus the Vanguard 
satellite, also experienced an increase 
over its backlog of $660 million a 


< 


| year ago. 


Missile business at Martin is now 


| almost equal its total volume in aircraft 


contracts, with the combined missile 
and aircraft orders representing about 
90% of its backlog. 


AF to Spend $25 Million 


|For ICBM Training Center 


USAF plans to spend about $25 
million this fiscal year to modernize 
and enlarge its first ballistic missile 
training center, according to Maj. Gen. 
B. A. Schriever, Western Development 
Division commander. 

With top-level Defense Dept. ap- 
proval, USAF has taken over Army's 
Camp Cooke at Lampoc, Calif. and ex 
pects the center to be fully operational 
in about six months. 

Design contract to draw up plans 
has been awarded to Holmes and Nar- 
ver, Los Angeles architects 
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The ASP* 


can be friendly! 










*ATMOSPHERIC SOUNDING PROJECTILE 


“The Asp” we are talking about serves all mankind. 
lt is a rocket vehicle that achieves 150,000 feet 
in 60 seconds! Up there, it collects new data in the 





interest of science. We are especially proud to have 
developed the solid propellant rocket motor in “The 
Asp” for the Cooper Development Corporation 
which designed and fabricated it. 











The Grand Central Rocket Co’s. acknowledged 


-- 1 te )* 
leadership in solid propellant rocket power systems Vy 
has attracted the finest engineers. We invite 


you to join our team. 





me GRAND CENTRAL ROCKET CO. 


— =— | a ae €C AtLeti * O 8 eee 


Please Direct Professional Applications 
To Leslie Van Dusen, Personnel Manager. 
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Navy Reorders Regulus, 
Boosts Chance Vought 
Backlog by $26 Million 


New Navy orders for Regulus 1 
and Regulus II missiles amounting to 
$26 million have hiked total backlog 
for that service with Chance Vought 
Aircraft to more than $500 million. 

It marked Navy’s second order for 
Regulus II, a previous $12 million con- 
tract coming in July 1956. Navy also 
confirmed that the new Regulus is su- 
personic, although no further details 
were released. 

Regulus Il is fitted with Wright 
J65 on first eight pre-production mod- 
els, but will use General Electric J79 
in remainder. Regulus I, which is sub- 
sonic, is powered by Allison J33. 


Bomarc Mass Order 
Believed Near 


An Air Force order for large 
quantity production of the supersonic 
ramjet-powered Boeing Bomarc missile 
is expected this month. The AF move 
is anticipated in the light of successful 
firings against B-17 drones at Patrick 
AFB Missile Test Center following sev- 
eral months of advanced testing. 

Also pointing to an early order 
was the increased activity at Boeing 
in recent months to select a final site 
for Bomarc production. On November 
7 the Seattle firm took option on the 
Ford Motor Co. plant at Richmond, 
Calif. and only a month later optioned 
additional land in San Ramon Valley 
near Parks AFB. 

Although neither option has been 
exercised, Boeing plan is to establish 
the new facility as an integrated pilot- 
less interceptor production and as- 
sembly plant should the site be selected. 


Aerojet Sales Increase 
100Z Over 1955 


Total 1956 sales of Aerojet-Gen- 
eral Corp., subsidiary of General Tire 
& Rubber Co., are expected to reach 
$140 million, up 100% over 1955, 
company officials estimate. However, 
net profit after taxes will rise only 
50% over last year as the result of 
increased activity in cost-plus type de- 
velopment contracts. 

Sharp increase in sales was cred- 
ited to Defense awards to Aerojet’s 
liquid rocket plant at Sacramento, 
Calif. An even sharper rise in sales is 
predicted for 1957 resulting from de- 
velopment of the AGN 201 nucleonic 
reactor by Aerojet’s new subsidiary. 
Aerojet-General Nucleonics Corp. 
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Industry Highlights 


By Fred S. Hunter 


Grand Central Rocket Co. is preparing to set up a new rocket 
engine test facility at a remote location about 15 miles from its Redlands 
plant. Grand Central picked this particular 1000-acre site because it is 
part of a large holding originally acquired under a Spanish land grant 
and still intact. The owners agreed to maintain a two mile buffer zone 
as a provision of the lease. 

The new unit will supplement a six-stand test facility Grand 
Central now operates in the foothills back of the Redlands plant. Struc- 
turally, one of these stands can test rocket engines up to 1,000,000 
pounds thrust and two others 500,000 pounds. But Grand Central’s plans 
not to exceed the 100,000-pound thrust level in any firings at the factory 
site but to go to the country with bigger stuff. Grand Central is on 
good terms with the folk around Redlands and aims to stay that way 

we 

Having phased out on production on the Sperry Sparrow I, 
Douglas now has the Sparrow III, on which it is the prime contractor, 
but this version of the Navy air-to-air missile has not been ordered into 
production. The Douglas contribution to the Raytheon Sparrow I] was 
strictly R and D. It developed the missile airframe, but is not participating 
in its production. Sparrow III guidance is Bendix Pacific. 

a 

Dan Kimball, president of Aerojet-General Corp., would appre- 
ciate it if the government would establish a post office named Aerojet at 
the location of the company’s growing rocket engine plant 15 miles east 
of Sacramento. There is nothing in the area except the Aerojet people 
now that the gold dredgers have gone their way, so why not a post office 
named Aerojet, Cailfornia? We wish Dan luck, but we dunno. Dan is an 
active Democrat and the post office department is in Republican hands 
right now. e 


If you can run a lathe or a typewriter, every employment office 
door in town will swing wide open for you. Next to engineers, most crit- 
ical personnel shortage on the coast is machinists. Then secretaries. A 
sign of the times is to note how the proportion of help wanted adver- 
tising for missile people keeps growing in the classified columns of the 
Los Angeles papers. Another sign—one employment agency advertises it 
has openings paying up to $30,000 a year. And then there’s North Amer- 
ican Aviation’s scheme to solve part of its problem with “week-end” 
jobs. Example—it hires key punch operators for Saturday work only. 

ec 

Hughes Aircraft, a leader in this work, has 1500 physically handi- 
capped employes at its Tucson plant . . . Everybody was happy to see 
Lockheed reward Herschel Brown with permanent appointment as assist- 
ant general manager of the Missile Systems division . . . The Douglas 
Rockaire sounding rocket is designed for launching from a fighter plane 
at altitude . . . North American’s Rocketdyne division has four Ipsen 
heat treat furnaces capable of operating up to 2100° F . . . George P. 
Sutton, an engineering section chief at Rocketdyne and recently elected 
v.p. of the American Rocket Society, has published a second edition of 
his book, Rocket Propulsion Elements, including much new material. 

o 

We note that Mauna Loa on the island of Hawaii is one of the 
12 official earth satellite tracking stations. Selection of this site, no doubt, 
was made because of the excellent visibility prevailing in the islands. And 
what a delightful way to make a lasting contribution to the progress of 
science, sitting under a palm tree, tracking a missile with one eye and a 
hula dancer with the other. 
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Computer Conference 


Scheduled in New York 


Conference on digital computing 
in the aircraft industry, including tech- 
niques used in structural analysis of 
aircraft and missiles, is being sponsored 
by New York University January 31 
and February |. 

Entire program will be devoted to 
aircraft industry computer activities 
with some 25 papers slated for presen- 
tation. Write Dr. M. A. Woodbury, 
NYU College of Engineering, Univer- 
sity Heights 53, N.Y. for arrangements. 


Link to Open 
West Coast Facility 


Link Aviation, Inc. this month 
will begin operations in a new research 
facility at Palo Alto, Calif. intended 
to permit closer coordination with west 
coast missile producers. 

New laboratory will be situated 
at 430 University Ave., Palo Alto, and 
is expected to have an initial staff of 
75 employes. Negotiations are also 
underway for further expansion in 
Stanford University’s Industrial Park. 

Link’s west coast activities will in- 
clude work in advanced electronic com- 
puter systems, transistor circuits and 
missile test systems. 


NAA Pays $384,000 
In C/L Adjustment 


Employes of North American Avi- 
ation received a 3.2% cost-of-living 
pay increase effective December 17, 
adding an estimated $384,000 monthly 
to NAA’s payroll. 

Increase affects employes at five 
company facilities in Los Angeles, plus 
divisions at Fresno, Calif.; Columbus, 
Ohio; Neosho, Mo. and Cocoa, Fla. 


Douglas, NAA Receive 
Missile/ Rocket Contracts 


Air Materiel Command has 
awarded Douglas Aircraft Co., Santa 
Monica division a $3,650,622 contract 
for rockets, spare parts and data. 

North American Aviation, Inc. re- 
ceived a $2,833,000 award covering 
new facilities for its guided missile 
(Navaho) program. 


Sperry Facility Underway 


Newly formed Sperry Phoenix Co. 
has begun construction of a $3 million, 
$1,000 sq. ft. plant in Phoenix, Ariz. 
with target for completion set in Au- 
gust. Company expects to employ about 
500 persons in new plant 
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MISSILE 
ENGINEERS 


Many new positions are being created at Northrop Aircraft 
for missile engineers in a wide range of activity: control, 
guidance, servo, computers, recording, optical, reliability, 
electro-mechanical, telemetering and electronics. There's 
an interesting position for you, at your own experience 
level, with attractive remuneration and steady advance- 
ment, in one of the following groups: 

GUIDANCE AND CONTROLS, encompassing research 
and development of advance automatic guidance and 
flight control systems for both missiles and piloted air- 
craft. Specific areas of development include: radio and 
radar systems, flight control systems, inertial guidance 
systems, instrument servo systems, digital computer and 
magnetic tape recording systems, airborne analogue 
computer systems, optical and mechanical systems, and 
systems test and analyzer equipment. 

FLIGHT TEST ENGINEERING SECTION, which plans the 
missile test programs and establishes test data require- 
ments in support of the programs. The data requirements 
are predicated on the test information required by the 
engineering analytical and design groups to develop and 
demonstrate the final missile design, and are the basis 
from which instrumentation requirements are formulated. 

The analysis work performed consists of aerodynamic, 
missile systems, dynamics, flight control, propulsion and 
guidance evaluation. The Flight Test Engineering Section 
is also responsible for the field test program of the 
ground support equipment required for the missile. 

FLIGHT TEST INSTRUMENTATION SECTION, which in- 
cludes a Systems Engineering Group responsible for the 
system design concept; a Development Laboratory where 
electronic and electro-mechanical systems and compon- 
ents are developed; an Instrumentation Design Group for 
the detail design of test instrumentation components and 
systems; a Mechanic Laboratory where the instrumenta 
tion hardware is fabricated; and a Calibration and Test 
Group where the various instrumentation items and 
systems are calibrated and tested 

For 17 years Northrop Aircraft has pioneered in missile 
research and development. As a member of this forefront 
organization in this growing field, new opportunities for 
full expression of your initiative and ability will always be 
yours at Northrop 

If you qualify for any of these attractive positions, we 
invite you to contact the Manager of Engineering Indus 
trial Relations, Northrop Aircraft, Inc., telephone ORegon 
8-9111, Extension 1893, or write to: 1015 East Broadway, 
Department 4600 L . Hawthorne, California 


NORTHROP 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 


Producers of Scorpion F.B9 Interceptors and ark SM 62 tercontinental Missile 
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An examination of current De. 
partment of Defense expenditures for 
aircraft and guided missiles reveals that 
for every $5 spent on aircraft, the Goy- 
ernment also disburses $1 on guided 
missiles and supporting equipment. A 
twelve-month moving average for the 
period ending September 30, 1956 shows 
DOD guided missile expenditures are 
now 19% of money spent for aircraft. 
As recently as January 1955 expendi- 
tures for missiles were only 5% of air- 
craft. The trend, shown in the accom- 
panying charts, of spending a greater per 
cent of procurement money for missiles 
has been officially acknowledged by the 
Pentagon. 

In September of 1956, Reuben 
Robertson, Jr., Deputy Defense Secre- 
tary, stated that the U.S. will spend well 
over $2.5 billion dollars on missile de- 
velopment and procurement in Fiscal 
1957. 


The position of the Air Force, as 
the largest missile procurer of the three 
services, is especially noteworthy. Col. 
W. A. Davis, Director, Procurement 
and Production, Deputy Chief of Staff, 
Materiel, made the following statement 
when he appeared before the House of 
Representatives Military Appropria- 
tions Subcommittee in March of °56. 

. we are integrating missiles 
into our force structure as replacements 
for manned aircraft. The effect of these 
replacements will be minor at first but 
will grow progressively each year. In 
1952, out of our total production money 
for aircraft and related equipment, only 
4% was allocated for missiles. In our 
fiscal year 1955 buying program, we 
are applying 12% to missiles. By fiscal 
year 1959, we expect to use 35% of 
our production dollars for missiles.” 


While missile expenditures have 
increased tremendously in the past few 
years, the total spent for both aircraft 
and missiles has experienced relative 
stability. In January of 1955 a twelve 
month moving average showed the 
DOD spent approximately $729 mil- 
lions for aircraft plus missiles. In June 
of 1955, the figure was $717 millions. 
Low point for the period January 1955 
through September 1956 was March 
1956, when $677 millions was spent. | 
Since March 1956 expenditures have A 
been on the rise. Based on latest Penta- 
gon data (September 1956) aircraft | 
and missile expenditures are at the $698 | 
millions per month level. The year 1957 
should find the DOD missile expendi- 5 guia 
tures going well over $700 millions pert Beent ir 
month level. actio, 
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5 guided missile is an amazingly sophisticated and 


per Beent instrument, capable of complex thought and 


action. Tomorrow's must have an even higher IQ. 
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To improve a missile’s intelligence, Fairchild Guided 
Missiles Division engineers and scientists have developed 
radical new concepts for guidance and control, transfer- 
ring their intelligence into the missile’s guidance center. 

Through sound research, inventiveness and imagina- 
tion, FGMD engineers and scientists continue to make 
great strides in all fields of missile development... putting 
more brain-power into more missile power. 


ee 
FAIRCHILD 


GUIDED MISSILES DIVISION + WYANDANCH, LONG ISLAND, H. Y. 
A Division of Fairchild Engine and Airplane Corporation 


. - WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS! 




















NEW MISSILE PRODUCTS 





MISSILE TEST SET 





A semi-automatic programmed test 
set for use in final testing of missile tele- 
metering packages has been produced. 
Read-out is in digital form and the set 
is capable of programming about 200 
different measurements. 

According to the designers, the set 
electrically tests a 177-channel FM/FM 
missile telemetering system in less than 
an hour and can be operated by non- 
technical, semi-skilled personnel. 

Only one operator is required to 
initiate the sequence of tests. Carrier fre- 
quency, power output, as well as fre- 


quency and amplitude of each sub-carrier 
channel are tested together with analysis 
of linearity sensitivity and frequency con- 
version. 

A signal simulator rack provides 
simulated transducer signals. The read-out 
rack converts signals to digital form and 
this is printed on paper tape. Separate 
analysis of individual sub-carriers is per- 
mitted. 

In addition to “Go No-Go” informa- 
tion, specific data is supplied. Bendix Pa 
cific Division, 11600 Sherman Way, North 
Hollywood, Calif. 
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MINIATURE MOTORS 





A series of new miniature d-c motors 
or generators measure only 1.625 in. long 
and 0.875 in. in diameter with a shaft 
diameter of 0.98 in. 

Units feature self-aligning sleeve 
bearings with nylon retainers to assure 
quiet running. Shafts are hardened, ground 
and lapped and stators are Alnico TV 
ring type. 

Motors include adjustable brush 
bracket for accurate speed of voltage out- 
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put for clockwise or counter-clockwise 
rotation. Models with 1 in., 1.250 in. or 
1.438 in. diameter are also available. 

Heinz Mueller Engineering Co., 
1906-08 N. Cicero Ave., Chicago 39, 
Ill. 


Circle No. 205 on Subscriber Service Card 


SPRAY-ON CERAMIC 


New Therm-O-Lab ceramic electrical 
heating elements developed for aircraft 
and missile use can be sprayed on surface 
to be coated and are rated to withstand 
Spec. MIL-E-5272A vibration tests. 

The thin ceramic blanket is rated to 
perform dependably under operating tem- 
peratures up to 500°F. Therm-O-Lab 
Corp., 6940 Farmdale Ave., North Holly- 
wood, Calif. 

Circle No. 212 on Subscriber Service Card 


FLUID SYSTEM FILTERS 

“Rigimesh,” a rigidized wire mesh 
used in filter elements for aircraft or 
missile hydraulic, oxygen, nitrogen and 
helium systems is designed for operating 
temperatures from —65° to 900°F. Pro- 
duced by furnace welding the wires of 
the mesh at all contact points, Rigimesh 
is said to have working features that per- 
mit fabrication by cutting, rolling, cor- 
rugating and welding without losing uni- 
formity of mesh openings. 

According to its producer, filter ele- 
ments have been adapted to operating 


pressures from vacuum to 10,000 psi and 
with particle size retention ratings from 
two to 2,000 microns. In one application, 
a Rigimesh laminate is used to line com- 
bustion chambers and afterburners of 
turbine engines so they can be transpira- 
tion cooled. 

Aircraft Porous Media, Inc., c/o Pall 
Filtration Companies, 30 Sea Cliff Ave., 
Glen Cove, N. Y. 

Circle No. 213 on Subscriber Service Card 


MISSILE CABLE 

Electronic cable with stable perfor- 
mance characteristics under temperature 
conditions ranging from —85° to 410°F 
has been announced. The manufacturer 
claims normal operation of the new cable 
under all present conditions of missile 
and rocket performance. 

Teflon insulated conductors and a 
sheath of specially compounded silicone 
rubber have been used in a new design. 
Each conductor is free to move within 
certain limits and the entire cable core 
is allowed limited movement within the 
jacket. 

A continuing automatic adjustment 
of these movements is claimed to allow 
flexing far beyond the limits of any other 
cable type over the stated temperature 
range: Conductors can be supplied in 
many color combinations for identifica- 
tion. 

Douglas Roesch Division, Hall-Scott 
Inc., 2850 Seventh St., Berkeley, Calif. 

Circle No. 220 on Subscriber Service Card 


VACUUM ARC-MELTING FURNACE 


A new laboratory arc-melting vacuum 
furnace that simulates conditions in a 
large production furnace is now available. 
The VA-L200C furnace is manufactured 
by W. C. Heraeus in West Germany and 


distributed in the U.S. 


“ ' 
The furnace uses interchangeable con- 


sumable and non-consumable electrodes. 
It can handle high melting point metals 
such as nickel, iron copper and many 
metallic carbides and borides. Inert at 


mosphere or vacuum operation to 5 % 
10 —4 mm hg is possible, and melts of 2 
few ounces to several pounds can & 
handled. 

The furnace has a_ water-cooled 
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Pulse Width Data Systems 


THOMAS 8S. MEDEROS, JR., Sales Manager 


PW data system is a grouping of 
I tacsans which uses the techniques 
of time division multiplexing and Pulse 
Width coding to put a number of voltages 
representing physical quantities, into a 
form which permits transmission over a 
single circuit or link, or recording on a 
single channel or track. The system also 
provides for the separation and identifica- 
tion of the previously multiplexed data 
channels and decoding back into voltages, 
which are used to provide visual display, 
graphic records, input to data processing 
equipment or control functions. 





M SERIES PW GROUND STATION 


Separates and reduces all data channels 
in real time. Operates on signals from 
standard airborne set, FM/FM subcarrier, 
or magnetic tape recorder. 


In a PW system, the intelligence is con- 
veyed by the pulse duration rather than 
amplitude, and therefore the transmission 
medium is not required to have amplitude 
linearity but only the ability to discrim- 
mate between two states which may be 
called “on” and “off” or “mark” and 
“space.” 


Operation 


The basic functional units required in 
any PW system are transducers, a com- 
Mutator with suitable driving device, a 
keyer, an RF transmitter, and data re- 
duction equipment for converting the 
PW data signals into usable form. 

Since the PW data system requires that 
input signals should be in the form of 
voltages, suitable transducers capable of 
converting physical quantities into volt- 
ages are used. Present ASCOP PW multi- 
coders operate from signals in the range of 
0 to +5 volts, and low-level equipment 
is now available with sufficient sensitivity 
to accommodate inputs in the low milli- 
volt range. 

The time division multiplexing is ac- 
complished by a motor-driven rotary 
sampling switch or commutator. Stand- 
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Applied Science Corporation of Princeton 


Princeton, New Jersey 


F SERIES MISSILE SETS 


Samples up to 43 data sources. This 
rugged equipment is sealed and pres 
surized to withstand high altitudes, oper- 
ation and temperature extremes. 


ard sampling rate is 900 samples per 
sec, and commutators are now available 
for operation at 30 RPS over 30 points, 
20 RPS over 45 points, and 10 RPS over 
90 points. Since two points of the com- 
mutator in any of the systems are left 
unconnected, to provide a gap in the pulse 
train for “frame” identification, the exist- 
ing numbers of channels available for 
data and references are 28, 43, and 88, 
respectively. 


System linearity is determined by the 
transfer characteristic of the keyer, from 
volts to Pulse Width, and the linearity of 
the translator back into volts. A typical 
ASCOP Pulse Width data system does not 
deviate from linearity between the scale 
end points, by more than 0.5 per cent. 
The total system drift, from any cause, is 
less than 0.5 per cent of full scale 
Since system levels are maintained by an 
automatic electronic servo, this degree of 
stability is maintained over periods of 
days or weeks, and is accomplished with- 
out any warm-up time. 


With the stairstep type of electrical 
output provided by the M Series ground 
station, it is generally conceded that 6 
samples per cycle of the highest data 
frequency component present allow visual 
interpolation of output records to better 
than 1% accuracy. This means that any 
channel of a 30 X 30 system can reproduce 
5 cps data. The frequency response of 
one or more data channels in the system 
can be increased by a factor of 2, 3, 4, or 
more by increasing the effective sampling 
rate. This can be accomplished by ap- 
plying the same transducer output to a 
corresponding numbers of commutator 





SPECIAL MISSILE SET 
ASCOP-designed for a customer. 


Circle No. 15 on Subscriber Service Card. 





D SERIES PW MULTICODER 


For aircraft, mobile or other applications 
where recovery or continued use is prac- 
tical and where space and weight are not 
critical. Samples up to 43 data sources. 


contacts, and making similar provision 
during decommutation 


Uses 


At present, most PW data systems 
are used for recording experimental test 
data from missiles and aircraft, where haz- 
ard, space limitation, and volume of data 
to be gathered make the use of a human 
observer impossible. Measurements of 
such quantities as the temperature, pres- 
sure, strain, altitude, acceleration, flow 
rate and position are made at rates thou- 
sands of times faster and much more 
accurate than could be done by visual 
observation and manual recording. 


Additional application is also found in 
experimental test work where hazard and 
space are not limitations, but where the 
total volume of data require both high 
speed automatic measurement and re- 
cording. Engine test stands, reactors, 
and complex electronic equipment are 
typical devices whose testing requires the 
automatic measurement and recording 
of large numbers of physical properties. 


PW data systems have been used where 
many measurements must be transmitted 
and displayed in easily interpreted form, 
as in the case where a pilot on the ground 
must rely on display instruments while he 
controls a drone aircraft, or in the case 
where the flight test engineers on the 
ground must observe conditions in a pi- 
loted aircraft in order to insure the safety 
of the pilot 
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NEW 


“TAPE-ON” SURFACE 
TEMPERATURE RESISTORS 


for Temperature Telemetering 


@ NO HOLES TO DRILL — QUICK AND EASY “‘TAPE-ON" INSTALLATION 
@ OUTPUT UP TO 5 VOLTS WITHOUT AMPLIFICATION 
@ AVAILABLE IN VARIOUS RANGES FROM — 300° to + 400°F. 


@ RESISTANCE CHANGE OF 100 OHMS OVER SPECIFIED RANGE 


Trans-Sonics Type 1371 “Tape-on” Surface Temperature 
Resistors are precision resistance thermometers with a platinum 
resistance winding as the sensing element. They may be applied 
to any surface whose temperatures are to be measured. In a 
commutation circuit, they modulate standard telemetering trans- 
mitters without amplification. The new Type 1371 “Tape-on” 
Surface Temperature Resistors may be added to an installation 
using other Trans-Sonics temperature transducers without any 
further circuitry modification. Each resistor is furnished with 
two 6” long fibreglas-covered constantan leads. Write for Bulletin 
1370 to Trans-Sonics, Inc., Dept. 9, 


*Reg. Trademark 





SPECIFICATIONS 


SIZE: %" x %” 


Accuracy: +2% of full scale range 


Instant 
installation 


Precision: + 0.5%, of full scale range 


Maximum Continvous Current: 20 ma rms 
(averaged over | second) 
Environmental Operation Conditions 
Vibration: 1” double amplitude, 
0 to 22 cps + 25g, 22 to 2000 cps 
Shock: 100g in any direction, per para- 
graph 4.15.1 of MIL-E-5272A (10 
milliseconds shock) 


As easy to apply 
as a thumb print. 











For Transducers, See Trans-Sonics 


Tnans-Sonics, Jue. 


P. O. BOX 328 LEXINGTON 73, MASSACHUSETTS 
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stainless-steel chamber with two windows 
for observing the crucible. A screw-type 
feeding device is provided. Height of the 
electrode head is adjustable _ electro- 
mechanically with push button operation. 
A Roots-type mechanical high vacuum 
pump with a speed of 950 cubic feet per 
minute, and which does not have an oil 
seal is used. Rochester Division, Consoli- 
dated Electrodynamics Corp., 1775 Mt. 
Read Blvd., Rochester, N.Y. 
Circle No. 227 on Subscriber Service Card 


SECTOR POTENTIOMETERS 





A new line of sector potentiometers 
especially engineered for missile and air- 
craft systems is available. Models are de- 
signed to measure angles from zero to a 
maximum of 90° shaft rotation. Accuracy 
is rated at 0.5 percent and resolution to 
0.10°. 

All-metal construction is used to- 
gether with high temperature insulation 
for temperatures up to 300°F. The units 
feature resistance to severe environmental 
conditions of shock, vibration and tem- 
perature and meet explosion-proof re- 
quirements. 

All three models are available with 
shaft extension from either side and with 
terminals or cables, singly or in ganged 
units. Humphrey, Inc., 2805 Canon St., 
San Diego 6, Calif. 

Circle No. 216 on Subscriber Service Card 


ELECTRONIC FILING SYSTEM 


An electronic filing device that uses 
short lengths of magnetic tape to provide 
storage and rapid access of records has 
been announced. The new DATAFILE 
segmentizes information by eliminating 
conventional tape reels. 





According to the manufacturer, the 
new system supplies 10 times the maxi- 
mum file capacity of any other data pro- 
cessing system equipment now available. 
Each unit stores 2-million characters, and 
up to 10 units can be integrated in one 
compute system. 

Fifty 250-feet tapes are used and 
information is calibrated into addressable 
blocks of 200 characters each. The tapes 
move back and forth over guide rails 
at 60 inches per second. 

Twin read-write heads are propelled 
beneath the tapes and stop at designated 
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what is 
Srey 

matter | 
worth? 








For the engineer or scientist who 
has enough to make him different, 
grey matter is worth a rewarding 
life of creative achievement in 

a working climate where ideas are 





to- } King...and the benefits measure 
— up to the man and his mind. 
For 56 years Firestone has grown 

re- on grey matter —in Research, 
with Development and Production. Now, 
with simply, we need additional grey matter 
os for such Firestone “‘firsts’’ as the 

“Corporal” surface-to-surface ballistic | 

- missile. Here are just a few of the 
} Engineering activities in which 
vide Firestone needs more grey matter: 
Lr Electronics Systems 
ting Mechanical Systems 


Propulsion Components 
Flight Simulation 


Mechanical Structures 
and Dynamics 


Stress Analysis 
Metallurgical Lab 





If you’re the man with extra grey 
matter who wants the chance to really 
use it, write us today. We'll put you 
in touch with a Firestone man who 
has your kind of grey matter, too. 


| Fi regtone 
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Photograph courtesy of Solar Aircraft 


This Solar Mars gas turbine engine is 
protected against overheating by a 
dependable CPI Super-high temperature 

thermal switch. It can act as a watchdog 
on temperatures up to 1750°F— 


overshoot to 2200°F. They’re easily 
installed, too, and operate in 


temperatures as low as minus 75°F. 
Ask our representative to tell you 
how CPI can help you solve your 
temperature control problem—and 
remember—when temperatures 
are high, you can depend on CPI. 
Write for complete engineering data. 
Ask for catalog MR. 


Vontiol products, inc. 
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positions to read or write | to 100 blocks 
of information at 46 milliseconds per 
block. Storage is in decimal form. 
Electro Data, division of Burroughs, 
460 Sierra Madre Villa, Pasadena, Calif. 
Circle No. 226 on Subscriber Service Card 


SUBMINIATURE RELAY 

New VG series of relays developed 
for aircraft and missile applications have 
a vibration rating at 15 g’s from 55 to 
2,000 cycles per second. Shock rating is 
100 g’s. 

The VG relays, designed to meet 
Spec. MIL-R-57570 shock test II, are in 
the subminiature class. Relays measure 
less than % cu. in. and weight is 1.3 oz. 
with a DPDT arrangement. Operating 
range is —65°C to 85°C and units with 
125°C rating will be supplied on request. 

Coil specifications call for standard 
operation at 24-29 volts d-c and maxi- 
mum coil voltage is 38 volts d-c con- 
tinuous with pull-in voltage rating at 18 
volts maximum over the temperature 
range. Operating time is 6 milliseconds 
at 26.5 volts. 

Life performance of VG series is 


said to be at least 100,000 operations at 


rated load. Elgin National Watch Co., 
Electronics Div., Elgin, Ill. 
Circle No. 206 on Subscriber Service Card 


PULSE GENERATOR 
A new pulse generator is available that 
is completely transistorized. Completely 
self-powered by a 22% volt battery with 
a useful life of 450 hours, the generator 
provides a pulse length from 0.5 to 3 
microseconds 


PULSE — GENERATOR 


Ast wom 
© rT 


—_ Nowe 


Py 


Positive and negative pulses are con- 
tinuously variable from zero to full ampli- 
tude to a 20 volt peak into an 800 ohm 
load. Rise and decay time is rated at 0.1 
microseconds or less; tilt and overshoot 
at less than +2%. 

Repetition rate on internal sync is 
from 50 to 5,000 pps, and on external 
sync from 0 to 5,000 pps. Model 502 gen- 
erator is housed in a case measuring 8% 
x 5 x 4% inches. Cubic Corp., 5575 
Kearny Villa Road, San Diego 11, Calif 

Circle No. 222 on Subscriber Service Card 


ROCKET ENGINE HEAT 
EXCHANGER 


An all-aluminum heat exchanger de 
veloped for rocket engine propellant test 
ing at Reaction Motors, Inc. has a design 
temperature range trom t+ 100 to 

325° 

In the tests, liquid nitrogen will be 
vaporized in the shell side of the com- 
bination shell and tube unit at —320°F 
in order to cool liquid oxygen passing 
through the tubes at about -285°F 
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Wanted! 


Engineers who will accept the challenge of 


the most urgent program in the free world today... 


Long Range Guided Missiles 





vision. In 1945 North 
American started a pro- 
gram of research and de- 
velopment in this field. As 
far back as 1948, the first 
NATIV — North Ameri- 
can Test Instrument 
Vehicle —streaked to tra- 
jectory altitude of 10 
miles. One result of this 
type of pioneering was 
complete weapons system 
responsibility for the Air 
Force SM-64 Navaho In- 
tercontinental Guided 
Missile—a gigantic task 
embracing almost every 
field of engineering. 


Progress Grows Apace 
We can’t give details here, 
or describe facilities, solu- 








JIM THOMPSON’s career in mis- 
sile engineering at North 
American began in 1951. Today, 
Jim is Group Leader of Flight 
Instrumentation at the Missile 
Test Facility, Patrick Air Force 
Base, Florida. The tropical cli- 
mate there is ideal for his fa- 
vorite sports— fishing and golf. 


tions, flight tests. But we can tell you this: a new 





Ten years ago there was only a handful of men in 
the country who said it could be done. Today, more 
and more engineers—their technological noses 
scenting the fact that engineering history is in the 
making—are picking up the gauntlet of the greatest 
engineering challenge American ingenuity has ever 


engineering chapter is being written. It is reaching its 
climactic phase. There will never be a better time for 
you to become a Missile Engineer. 


Are You This Kind of Man? 
Can you break with tradition...leave conventional 
methods behind...and 





Dr. E. R. van DRIEST, Chief Sci- 
entist, is nationally recognized 
for his work in aerothermody- 
namics. He has a BS, Case 
Institute of Technology; MS, 
University of lowa; Ph.D., Cal 
Tech; and Sc.D, Technisch Hoch- 
schule, Zurich, Switzerland. 
Around his home, in Whittier, he 
finds ideal opportunities for the 
pursuits he and his family like 
best —horseback-riding, archery 
and other outdoor activities 

perfect complement to the 
absorbing mysteries of his work 


Contact: Mr. M. Brunetti, Engineering Personne! Dept. 91 


faced —the race against 
time and the phenomena 
of long range guided 
missiles. 

Research and develop- 
ment that would ordinar- 
ily take years is today— 
of necessity — being tele- 
scoped into months. Prob- 
lems of aerodynamics, 
thermodynamics, high 
temperature materials, 
aeroelasticity—that a dec- 
ade ago were only theory 
in textbooks are today be- 
ing solved. What's more, 
the production techniques 
necessary to turn these 
solutions into hardware 
have been evolved. 


Major Missile Center 
One of the major centers 
of this activity is North 
American Aviation’s Mis- 
sile Development Di- 





MANUEL C. SANZ, Chief of Ma- 
terials Research, found unique 
scope for his special talents at 
North American. This Chemical 
Engineer, with a Masters in 
Physics and Chemistry, is 
named as the inventor in a pat 
ent on the famous Chem-Mill 
Process. His son leads a Los 
Angeles school band—with a 
chem-milled baton! 


explore the unknown with 
the faith that in every 
obstacle lies the seeds of 
new successes? 


If You Join These 


Men, We Promise You 
a management climate 
which stimulates personal 
growth—and rewards it 
with responsibility, pro- 
fessional recognition and 
material benefits limited 
only by your own abilities. 
Your own academic stat- 
ure can be constantly en- 
larged with our Educa- 
tional Refund Plan—and 
some of the nation’s finest 
universities are close at 


hand. 


Write today for full particulars. If you're the man 
we're seeking, we'll be glad to arrange a personal inter- 
view where you are now residing. 


MAR 


Missile Development Division, 12214 Lakewood Bivd., Downey, California. 


NORTH AMERICAN AVIATION, INC. ae: 


January, 1957 











EXCEPTIONAL 
OPPORTUNITIES 


FOR SCIENTISTS 
AND ENGINEERS 


in rocket development at 


Phillips Petroleum Company 


The Rocket Fuels Division of Phillips Petroleum 
Company operates Air Force Plant 66, a 
multi-million dollar plant with modern facili- 
ties for research, development, testing and 
manufacture of solid propellant rockets. 
Exceptional opportunities and key positions 
are now open to scientists and engineers of 
proved experience and ability. Challenging 
opportunities are also available to recent 
technical graduates, with of without expe- 
rience. Phillips Petroledm Company is a 
progressive, diversified company with assets 
of more than one billion dollars and an 
already established reputation in the rapidly 
expanding rocket field. 

You are invited to write to our Technical 


Personnel “Office, Rocket Fuels Division, 


Phillips Petroleum Company, McGregor, 
Texas. Your ftésumé will receive prompt, 
confidential attention. Interviews will be 
arranged for qualified applicants. 















Booster Type Rockets by Phillips 66 


Above. Giant PUSHER rocket, made from low 
cost, petroleum-derived materials gives tre- 
mendous thrust for short durations. 


Left. The M15 JATO was the first of its kind 
to meet rigid Air Force performance tests. 
(Boeing Airplane Company photo). 


keockhal Fuels Diiision 


PHILLIPS PETROLEUM COMPANY 
McGregor, Texas 
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Ni EW ... another example of the versatility 


of the nation’s leading producer of 
motors and actuators for jet air- 


EEMCO MOTOR “=== 


for new missile 











A ee 


SPECIFICATIONS FOR TYPE 0-655 
Type : DC motor with integral 
gear reduction 
Terminal voltage : 24 | 
Horsepower: 4.8 at 200 amps 
Output RPM: 2600 minimum | 
Duty Cycle: 10 min. on, 30 min. off 


Ambient temperature range : 
65°F. to 250°F. 


Minimum starting torque : 
300% of running torque 


Mounting pad: AND 20001 

Cooling : Fan cooled with open 

EEMCO TYPE D-855, a DC motor with integral gear reduction, was thru ventilation 

_ designed for use in missiles of the latest concept. Like all EEMCO Weight: 17% pounds 
| motors, as well as EEMCO’s rotary and linear actuators, it packs 
maximum performance into minimum dimensions and weight. With 
a terminal voltage of 24, Type D-855 produces 4.8 HP at 200 am- 


peres with a minimum RPM output of 2600. Duty cycle is 10 minutes Flectrical Engineering 


on and 30 minutes off, with minimum starting torque at 300% of 


| funning torque. Ambient temperature range is —65° to 250° Fahren- and Manufacturing Corp. | 


heit. Type D-855 is fan cooled with open thru ventilation. 








461? West Jefferson Boulevard 


* EEMCO has had many years experience in the exclusive design and Los Angeles 16, California 
manufacture of airborne motors and actuators. As a result, EEMCO Telephone REpublic 3-015! 
is thoroughly skilled and equipped to produce these vital components 
that must operate unfailingly under the extreme environmental con- 
ditions encountered in today’s supersonic aircraft and missiles. Thus 
EEMCO's extensive specialization in this field is playing an important 
part in the reliability of the most modern air weapons now being Designers and Producers of Motors, 


produced for the nation’s defense. Linear and Rotary Actuators . . . Exclusively! 


zo 











106 


ha hthh edb WG fay athe aby, 


BOURNS Mode! 160 


—new high temperature, 
X 


high power design 





This instrument operates reliably in high ambient 
temperatures, or wherever closely massed com- 
ponents generate localized hot spots. The 
TRIMPOT will withstand temperatures up to 
175° C. (347° F.) with unimpaired efficiency. 
Lead wires are Teflon insulated. High power 
dissipation— 0.6 watt at 50° C. (122° F.) 


You'll find every outstanding feature of the 
original Model 120 TRIMPOT—standard of the 
industry — built into the Model 160. 25-turn adjust- 
ments are made with a screwdriver on the slotted 
shaft. The shaft is self-locking, to provide stable 
settings. Resistance element is precision wound 
with low temperature-coefficient resistance wire. 
Unit withstands severe shock, vibration and accel- 
eration. To assure its dependable performance 
under extreme environmental conditions, Bourns 
designed the Model 160 TRIMPOT to meet or 
exceed rigid government specifications. 


Write for new descriptive litercture. 


QOURNS LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California— Ames, lowa 


Circle No. 3 on Subscriber Service Card 
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Shell has an inside diameter of 32 jp 
and the tubes are +s in. diameter 
Aluminum was employed throughout 
the heat exchanger because of its high 
Charpy impact values at low tempera 
tures. Plain or mill steel, at these tem. 
peratures, would be extremely brittle 
under impact. Design operating pres 
sures are 50 psi on the shell side and 
150 psi on the tube side 
The Griscom-Russell Co., Massillon. 
Ohio 
Circle No. 214 on Subscriber Service Cerd 


MINIATURE CLUTCH 


New high performance miniature 
motor-gearhead clutch classed as Bureau 
of Ordnance Size 10 has a maximum 
length of 154 in. and weighs only 2.1 oz 
Clutch is designed to operate directly 
from either 115 or a 26 volt line source 
with protection of gearing and loads sup 
plied by an integral slip clutch 





Unit design includes motor and gear 
head enclosed in a common aluminum 
housing. Its use as a control element 
gains in significance under conditions of 
high stall torques resulting from use of 
high gear ratios, the manufacturer says 
Servomechanisms, Inc., Mechatrol Div 
625 Main St., Westbury, L. I., N. ¥ 

Circle No. 212 on Subscriber Service Card 


TELEMETERING POWER SUPPLY 


"7 ¢ 


A new 22.5 volt de power supply 
for various telemetering and instrumenta 
tion applications has been announced. The 
MRP22-1 unit operates from a_ standard 
400 cycie supply with an input voltage 
of 905 135 





Said by the manufacturer to provide 
transient free, short circuit-proof per 
formance, the units use dual magnetic 
regulation providing smooth output and 
high response speed and provide O-100 
milliamperes. The supplies are housed in 
hermetically sealed steel cases with ther 
mosetting plastic _ impregnation and 
measure 342” x 14%” x 2%”. Connector! 


missiles and rockets 
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- high Ot? (7 MISSILE GUIDANCE AND CONTROL...In applying advanced 
i servo and noise-theory techniques to missile control systems, JPL has 
aed 
brittle A, A ° led and advanced the field of missile guidance. 
, o c /evements¢ Among specific achievements are the application of Wiener RMS 
alc 
methods to multiple-input, multiple-loop servos, and matching missile 
sillon, at trajectory to missile control transfer function for optimum accuracy. 
Card 
lature 
jureau | 
imum 
1 oz. | 
rectly 
source 
Ss sup- 
—s 
} 
gear | 
linum ' 
>ment 
+ R h in Guided Missile Technol 
se of esearcn in Wuide issiie recnnoiogy 
Says 
Div.. 
| arama ey re Fe oe et | 
WAITING FOR YOU TODAY ot tx Secs CaM eluant kd ae Mea 
PLY rising foothills of the San Gabriel mountains, north of Pasadena, it 
in these fields Wr Phare Pons ey 1 distri | 
upply : occupies an ideal location close to residential districts. 
venta RADIO GUIDANCE The working staff of the Laboratory consists of about 1250 people, 
Ban: MICROWAVES all employed by the California Institute of Technology. The various proj- 
sItage SYSTEMS ANALYSIS ects are conducted under continuing contracts with the U.S. Government. 
. The prime objective of JPL is obtaining basic information in the 
GUIDANCE ANALYSIS various sciences related to missile systems development and in all phases 
APPLIED PHYSICS of jet propulsion. Underlying the entire Laboratory activity, a major 
; continuous program of fundamental research in the physical sciences is 
ELECTRO MECHANICAL ; 
, constantly in progress. 
INSTRUMENTATION In its missile system and jet propulsion undertakings, the Labora- 
INERTIAL GUIDANCE tory maintains a broad technical responsibility, from basic research to 
° prototype engineering. By virtue of this and the integrated nature of 
TELEMETERING the JPL technical staff, each individual is drawn into close contact with 
PACKAGING the general field to which his specialized technical abilities contribute 
MECHANICAL ENGINEERING anders 
If you are interested in knowing more about our work and the 
specific employment opportunities now open, please send us an outline / 
of your technical background and experience. | 
ovide 
per- 
"i= GALTECH JET PROPULSION LABORATORY 
and 
)- 100 
a5 ) A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
e 
and } PASADENA, CALIFORNIA 
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HICH OF THESE PROBLEMS 
———}—FIT-YOUR FIELDS 
“OF ANTEREST 


Bell Aircraft is continuing its pioneering in the fields of research 
aircraft and weapon systems. Testing techniques and equipment must be 
developed which will establish design acceptibility of radical new develop- 
ments. The range of testing covers all prototype weapon systems and air- 
craft elements. Here are just a few problems typical of those we are now 


encountering. 


1. Given the conditions for thrust 
chamber operation of a total pro- 
pellant weight flow of 20 Ibs. per 
second and a mixture ratio of 5 to 
give a chamber pressure of 600 
psia; whet new tank pressures 
would be required for o mixure 
ratio of 4 if the original tank pres- 
sures had been 1,000 psia on the 
oxidizer tank, and 900 on the fuel 
tank. 


2. Develop test planning and 
group testing of varied projects 
involving radical airplane con- 
cepts and electronic systems for 
flight control and navigation. 


If your qualifications place you in a position 
to help solve these challenging problems...or if 
you are now limited in the scope of your oppor- 
tunity and would like to participate in any of 
Bell’s widely diversified aviivities in other fields, 
write today: Manager, kugineering Personnel, 
Department U-1 BELL AIRCIAFT CORPORATION, 


P. O. Box One, Buffalo 5, N.Y. 
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3. In the design of a radar range 
calibrator test set, a digital count- 
er with a frequency division of 
627 is required. The circuit to be 
designed must operate properly 
under the following variable con- 
ditions: 
1) Plate supply voltage is 300+ 
100 volts DC. 
2) Filament supply voltage is 
6.3+ 2 volts AC. 
3) Temperature range +100 C 
to -40 C. 


4) Shock up to 50 g's. 


5) Frequency range (counter 
input) up to 5,000 P.R.F. 











is a 4098 Triad octal plug. Magnetic Re. 

search Corp., 200 Center St., El Segundo 

Calif. i 
Circle No. 225 on Subscriber Service Card 


PRECISION THERMOSTAT 

Hermetically sealed, snap-acting ther- 
mostats developed for aircraft and missile 
installation can be preset at factory over 
range from 65° to 400°F and are then 
non-adjustable. Electrical ratings extend 
up to 7 amps resistive, 30 volts a-c/d-c: 
6 amps resistive, 125 volts a-c; 3 amps 
resistive, 250 volts a-c depending on life 
expectancy. 





Thermostat weight is 4 grams and 
design conforms to Spec. MIL-E-5272A. 
Insulation resistance is 1,250 volts a-c, 
60 cycles for one minute. Overall height 
of a right-angle terminal model is 0.50 in. 
maximum including bracket, although 
flattened or pierced terminal types are 
also available. 

Metals & Controls Corp., Spencer 
Thermostat Div., Attleboro, Mass. 

Circle No. 207 on Subscriber Service Card 


SPACE SUIT 





New full-pressure space suit devel- 
oped for Navy Bureau of Aeronautics is 
said to be the lightest yet produced and 
substitutes specially designed shoulder and 
upper-arm bellows for metal bearings used 
previously. Although most details are 
classified, the new high-altitude garment 
is said to permit pilots to sit, stand and 
walk freely. Arrowhead Rubber Co., 
2350 Curry St., Long Beach, Calif. 

Circle No. 202 on Subscriber Service Card 
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SPECTRUM ANALYZER 





0-100 ke wide-band spectrum ana- 
lyzer is available that will give an in- 


stantaneous fuorier analysis of noise, 
vibration and harmonics in applications 
of telemetering, aircraft tests and for the 
filter, acoustic and medical fields. 

Special features are automatic opti- 
mum resolution, bandpass input filter, 
continuously variable center frequency 
and sweep width controls. A flat 5-inch 
cathode ray tube is used with a camera 
mount bezel. 

Input range is 500 microvolt to 500 
volts full scale. Probescope Co., 44-05 
30th Ave., Long Island City, N. Y. 

Circle No. 218 on Subscriber Service Card 


VARIABLE FREQUENCY FILTER 

A variable filter designed for use with 
vibration analyzers made by the same firm 
provides for measurement of amplitude 
and phase of vibration frequencies. The 
Model 1065 Variable filter permits tuning 
or scanning of the vibration spectrum 
ver frequencies up to 30,000 cpm with 
a rated accuracy of 5%, and _ within 


10° from 30,000 to 300,000 cpm. 

The unit operates from 110 volts, 60 
cycles, single-phase power. Bandwidth is 
+5% of the nominal frequency to the 
3 db-down points. The Model 1065 filter 
is inserted between an IRD velocity 
pickup and the vibration analyzer which 
is being used. International Research and 
Development Corp., Columbus, Ohio. 





Circle No. 224 on Subscriber Service Card 


HIGH TEMPERATURE RIVET 


New stainless steel rivet for aircraft 
and missile structures requiring high 
strength at high temperatures has an 
85,000 psi shear strength at 800°F. Room 
temperature shear strength is more than 
100,000 psi. 

Designated the Cherry “600,” the 
new rivet uses a stem and sleeve of A-286 
stainless steel, heat-treated and aged for 
optimum strength and corrosion resistance. 

Write: Townsend Co., Dept. M/R, 
Box 2157-Z, Santa Ana, Calif. 

Circle No. 204 on Subscriber Service Card 


MISSILE POWER SUPPLIES 


Four new all semiconductor dc-dc 
converters have been announced for use 
as missile beacon power supplies and 
other mobile applications. Units are avail- 
able with inputs of 12 and 28 volts dc 
and filtered dc outputs of 325 volts at 
both 100 and 200 milliamperes. 

Units are supplied in hermetically 
sealed packages measuring 3 1/16 x 
3 3/16 x 2 5/8 inches. The supplies use 
two power transistors in an oscillator to 
interrupt the dc input. 

Silicon power diodes and special 
capacitors are used in the rectifier cir- 
cuit. Regulation is rated as 20% on 
standard units, and 0.5% regulation with 
special input-output voltages can be pro- 
vided on a custom basis. Power Sources, 
Inc., 6 Schouler Court, Arlington, Mass. 
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MOLYKOTE 
LUBRICANTS... 


ALREADY SOLVING PROBLEMS 
IN THE AGE OF ASTRONAUTICS 
Born in the “‘fringe area’ of in- 
dustrial lubrication, MOLYKOTE 
Lubricants have grown’ under the 
pressure of the toughest problems 
industry has to offer. Extreme pres- 


sures and temperatures: unusual 


environments, high starting friction, 
resistance to centrifugal force, ob- 
stinate fretting 

has solved many. 


MOLYKOTE 
Truly, MOLY- 
KOTE has been called “Industry's 
Most Versatile Lubricant’. 

To the Age of Astronautics 
MOLYKOTE brings @ THERMAL 
STABILITY, retaining its lubricity 
from -300°F to 7OO°F in air. 
2000°F in vacuum @ CHEMICAL 
STABILITY, resists all but a few 
strong acids @ A NATURAL AF- 
FINITY for adherence to metal, 
rubber, plastics, etc. @ A FAVOR- 
ABLE LUBRICANT structure. Low 
friction sliding surfaces are an in- 
tegral part of the molecule @ RE- 
SISTS .PRESSURES beyond the yield 
point of any metal. 

Send today for complete data on 
of MOLYKOTE Lubricants. 





e e ar : a . 
THE ALPHA MOLYKOTE CORP. | | 
Main Factories: 65 Harvard Avenue, Stamford, Conn. 
7510 71 Arnulfstrasse, Munich 19, Germany 





Free on 
request 


entire line 


Name 


INSPECTION ~ 
PROBLEMS? =” 


This booklet is for you! 


Fill in and 
mail today 


rte eee ee -- ah 


to American (ystoscope Makers, Inc. 


| 1241 LAFAYETTE AVENUE 


Gentlemen; Please send me without obligation a copy of 
your booklet on Borescopes 







~— } : 
~ Z ~ 


This comprehen- 
sive, elaborately 
illustrated booklet 
provides practical infor- 
mation on the use of the 
famous A.C. M.I. Bore- 
scope in various industries, 
for the inspection of inte- 
rior areas or surfaces not 
otherwise visible—together 
with full data on the types 
of Borescope available, 
and on their care and 
maintenance. Have you 
received your copy? 





NEW YORK 59, WN. Y. 























\ City 


State ] 
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missile literature 


HIGH CURRENT RECTIFIERS. An 11-page brochure, No. 
ECG-148A, of application notes and graphical data on General 
Electric’s 4JA60 series of small high current silicon rectifiers is 
available. The new units handle up to 10 kilowatts in a three 
phase circuit. Write: General Electric Co., Dept. M/R, Semi- 
conductor Products Dept., Electronics Park, Syracuse, N. Y. 
MAGNETIC SHIELDING. A 33-page brochure entitled Data 
Sheets 101 (1957), describes construction features, performance 
characteristics and typical applications of non-shock sensitive, 
non-retentive Fernetic and Co-Netic magnetic shielding material. 
There are 14 pages of illustrations and 5 pages of graphical data. 
Write: Magnetic Shield Division, Perfection Mica Co., Dept. 
M/R, 20 N. Wacker Drive, Chicago 6, III. 

TAPE RECORDER. A 24-page bulletin No. 1561B describes 
complete characteristics of a new magnetic tape recording and 
playback system for handling stress, pressure, temperature and 
vibration data. Detailed photographs of different parts of the 
Consolidated DataTape system are also provided. Write: Con- 
solidated Electrodynamics Corp., Dept. M/R, 300 North Sierra 
Madre Villa, Pasadena, Calif. 

ELECTRONIC COMPONENTS. A 15-page catalog of AN con- 
nectors, RF connectors, Rack and Panel connectors and RG-/U 
coaxial cables stocked by Amphenol distributors for same-day 
delivery. Catalog IEC-2. Write: Amphenol Electronics Corp., 
Dept. M/R, 1830 South 54th Ave., Chicago 50, III. 


TECHNICAL LITERATURE 


TUBE MANUAL. A new edition of the Radio Corp. of Amer- 
ica receiving tube manual, RC-18, has been announced. Tech- 
nical data on 575 receiving tubes and cathode ray tubes is 
included. (Price $.75). Write: Commercial Engineering, Tube 
Division, Radio Corp. of America, Dept. M/R, Harrison, N. J. 
TEST EQUIPMENT DATA. A comprehensive compilation of 
descriptive data on more than 1300 electronic test equipments 
has been published to fill a need in the electronics industry for 
a handy time-saving reference file of information in this field. 
Information comes in five volumes of hard cover binders. Per- 
iodic additions and revisions will be published. The complete set, 
including revisions costs $170.00. Write: Carl L. Frederick & 
Associates, Dept. M/R, 4630 Montgomery Ave., Bethesda 14, 





STORAGE BATTERIES. Yardney Electric Corporation, 40-50 
Leonard St., N.Y. 13, N.Y. announces publication of a new bro- 
chure on its line of SILVERCEL* (silver-zinc) and SILCAD* 
(silver-cadmium) rechargeable storage batteries. The outstand- 
ing features of Yardney cells are outlined in an attractive three- 
color folder. These advantages include light weight, small size, 
flat voltage characteristics and high current output. Copies of 
the new brochure will be mailed free on request by the Yardney 
Electric Corp. Ask for “Compact Power by Yardney.” 
RECORDING CAMERAS. Multiple-purpose precision data re- 
cording cameras are the subject of an eight page, illustrated 
brochure offered by Flight Research, Inc., Richmond, Va. Small 
and lightweight, the MULTIDATA cameras permit automatic, 
synchronized motion picture or single frame operation. Full 
operating specifications and details of construction are given 
for both the MOD III 16mm and MOD IV-C 35mm MULTI 
DATA cameras. Complete information is contained in the 
bulletin. Write for a copy to Flight Research, Inc., Post Office 
Box 1-F, Richmond, 1, Va 


MINIATURIZED GEAR BOXES. A revised four-page, two 
color illustrated brochure, number SW-1, describes and _ illus 
trates Southwestern’s miniaturized gear boxes, miniaturized vi 
bration-resistant pressure switches, and light-weight, compact 
screwjack actuators. Southwestern Industries gear boxes are 
designed for electronic and instrument applications, servo mech- 
anisms, computers, small actuators and electronic components. 
Write: Southwestern Industries Inc., 5880 Centinela Ave., Los 
Angeles, Calif. 

SERVO CONTROL VALVES. Cook Research Laboratories 
Division of Cook Electric Company, Chicago 14, Ill, has re 
leased Volume 3, No. 2 of the Cook Technical Review. This 
issue of 28 pages deals with electrohydraulic servo valves. Part 
I presents basic information relative to the types and charac- 
teristics of high response servo control valves. The subsequent 
part describes the various types of valves which are commer- 
cially available and discusses the selection of electrohydraulic 
servo valves and their system application. Bernard A. Johnson, 
Project Engineer; Lee D. Schmid, Senior Engineer; and Jay 
Warshawsky, Technical Director, Automatic Control Systems 
Section, all of Cook Research Laboratories, are the authors of 
this issue of The Cook Technical Review. The price of this issue 
of the Cook Technical Review is $1.00 per copy in U.S. and 
Canada ($1.25 in other countries). 
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BRISTOL'S SYNCROVERTER SWITCH is made to fit 7-pin miniature 
tube socket (left) or %-in. diameter chassis hole (right). Covered 
by patents. 


“Most reliable miniature 
chopper we've tested!” 


That's the playback we're getting from electronic engi- 
neers all over the country on the high-performance Bristol 
Syncroverter® switch. One engineer writes: 

“In seven years of experience in applying similar 
devices, we have not found a chopper as reliable. . . 
after our tests no deterioration in performance was 
found, and we believe there is no equivalent meeting 
our requirements.” 

Another electronics engineer comments on his life-tests : 


“The switch has passed the 1000-hour mark with- 
out the slightest degradation of the wave form.” 

The Syncroverter switch has a normal operating life of 
thousands of hours. It’s a polarized, SPDT, non-resonant 
switch that provides break-before-make action in syn- 
chronism with a sine or square-wave driving current any- 
where in the frequency range of 0 to 2000 cps. In addition 
to reliability and long life, it’s noted for light weight 
(only 1.7 ounces) low noise level, and clean wave form. 

Write today for free bulletin on the high-performance 
Syncroverter switch. The Bristol Company, 150 Bristol 
Road, Waterbury 20, Conn. 6.10 





TYPICAL OPERATION 


400 cps 500 cps 
Coil voltage 6.3V sine, square, 6.3V sine, square, 
pulse wave pulse wave 
Coil current 55 milliamperes 45 milliamperes 
Coil resistance 85 ohms 85 ohms 
*Phase lag 55° +10° 65° +10° 
*Dissymmetry less than 4% less than 4% 
Temperature —55°C 10 100°C §3=—s- — 55°C to 100°C 
"Switching time 15° +5° 15° +5° 


Mounting — Any position — fits 7-pin miniature socket 


*These characteristics based on sine wave excitation 
FINE PRECISION INSTRUMENTS 


RISTOL ™ sarser.rz 
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Well-known general buries a smile as world's top ballistic missile expert says: “! read in LIFE : 
magazine that we are supposed to have fired a missile 3,000 miles . . ."" Some of those at the P, 
head table for the Honors Night dinner at the recent annual meeting of the American Rocket 4 
Society in New York included (left to right): REAR ADM. JAMES S. RUSSELL, Chief, . 
Bureau of Aeronautics; MRS. JAMES H. WYLD, retiring ARS President, NOAH DAVIS; } 
ABMA Development Director, WERNHER VON BRAUN; ABMA Chief, MAJ. GEN. JOHN B 
MEDARIS; CMDR. ROBERT M. TRUAX, USN, AF WDD; MRS. ROBERT H. GODDARD 
O@Mmsa | Maybe it was the hour, or maybe 
" et SS See it was Defense Secretary Wilson's i 
=. : 3 ue November memorandum that joined 
a | well-known science writer WILLY 
Universal DC Meter LEY and Boeing engineer NORMAN 
BAKER n deep contemplation 
This new microvolt-ammeter-amplifier | 
will measure as little as 10 wv or 10 wpa 
with accuracy. It may also be used as | 
a DC amplifier with up to 80 db gain | 
and only 10 pv drift. A zero-center mir- 
rored scale provides instant polarity 
indication. Utilization of Kay Lab’s 
chopper stabilized circuit provides 
versatility, accuracy, and stability that 
is unobtainable with conventional 
VTVM’s. The Model 203 is the ideal 
general purpose laboratory meter, 
production test set. or null meter. 
SPECIiFIiiCcCATIion §& { 
© 100 pv to 1000 v fs 
jai eat tilt on to | Eager beaver KURT R. STEHLING, propul- DR. S. FRED SINGER, Professor, Maryland 
© 25 a scan | sion chief, NRL's Project Vanguard, listened. University Physics Department, had a point. 
25 ranges 
© 100 megohms input 
¢ 80 db gain as amplifier | 
© 10 wv equivalent input drift 
© | volt output 
@ Price $550. 
Representatives in all major cities - 
Write for literature or demonstration | 
Ls 
* 
LAB | : 
| 








S7258S KEARNY VILLA ROAD | 
SAN DIEGO 11. CALIFORNIA 
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The points, in fact, that were made were many and ranged far into the early morning hours. 
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* | Rocket pioneer and former ARS 

* President G. EDWARD PENDRAY 

vi | describes a fundamental principle. S L A 
a 

S; | From Peenemunde to Redstone—Former German pro- 


> fessor HERMANN OBERTH, father of space flight, | 
now special consultant to VON BRAUN at ABMA. 
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Vacuum Insulated Storage and 
Transport Containers for Lique- 
fied Gases 
50 to 5,000 Gallon Sizes 


Four Wheel and Semi-Trailers 


MODEL LOX 500-1 
——— 











Making the round of hospitality suites was a tough circuit; playing host was tougher. 


Let Us Help You Solve Your 
Liquid Oxygen Handling 








Illustrated Literature upon 
Request. Write, Wire or Call 
Today 


—— 


| Cryogenic Division 
| RONAN and KUNZL, INC. 
MARSHALL, MICHIGAN 
Phone: 3948 
| ee 
6214 W. MANCHESTER AVE. 
LOS ANGELES 45, CALIF. 
Phone: ORchard 4-7240 
—_——_—_o_ 
IN CANADA 
AVIATION ELECTRIC, LTD. 


200 Laurentien Blvd. 
MONTREAL 9, QUEBEC 


Qe 
EXPORT 
BENDIX INTERNATIONAL 


205 East 42nd Street 
NEW YORK 17, N. Y. 





have doubts as to where it all will end. 





Curtiss-Wright's G. S. WING seems to 








And two just couldn't take it any longer. 
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Peder W. Larsen, formerly Senior 
Military Officer at the Royal Aircraft 
Establishment at Farnborough, England, 
where he was responsible for the develop- 
ment program of Army guided missiles, 
has been appointed manager of govern- 
—_ projects of PSC Applied Research 

td. 


Bell Aircraft Corporation’s new Air- 
craft Division announces four appoint- 
ments: John W. Rane, Jr., director of en- 
gineering and sales; George D. Ray, chief 
engineer; Stanley W. Smith, chief project 
engineer; John J. Weisbeck, Jr., contracts 
manager. 


Eduard Baruch, president of Heli- 


Coil Corporation, a subsidiary of Topp 
Industries, Inc., has been elected a vice 
president and director of the parent firm. 

H. C. Riggs has been named coordi- 
nator of missile applications engineering 
by the Exide Industrial Division of The 
Electric Storage Battery Co., Philadelphia. 





KING 


Dr. Donald D. King, formerly direc- 
tor of the Radiation Laboratory at Johns 
Hopkins University, was elected vice 
president-research for Electronics Com- 
munications, Inc., a subsidiary of Air As- 
sociates, Inc. 








Alden R. Ludlow, Jr., has been ap- 
pointed director of sales for U.S. Indus- 
trial Chemicals Co., Division of National 
Distillers Products Corp. 


Roy S. Fisher was elected vice presi- 
dent and named director of sales for Na- 
tional Vulcanized Fibre Co. 

John S. Anderson, president of Aero- 
nautical Radio, Inc., has been reelected to 
a two-year term as vice chairman of the 
Radio Technical Commission for Aero- 
nautics. 

C. Charles Miesse, a specialist in 
liquid propellant engines, formerly with 
Aerojet-General Corp., has been named 
supervisor of the newly created combus- 
tion section at Armour Research Founda- 
tion of Illinois Institute of Technology, 
Chicago, supervising activities in area of 
combustion, jet engines, liquid rocket en- 
gines and gas turbines. 


David D. Stone has been appointed 
vice president in charge of sales and cus- 
tomer relations for Wyle Laboratories, 
El Segundo, Calif. 

Robert L. Clark has been appointed 
to head Ryan Aeronautical Co.’s Manu- 
facturing Division. 


Charles E. Miller has been named 
head of engineering services for the Pa- 
cific Division, Bendix Aviation Corp. 
William H. Chester and Charles W. 
Thomas have been appointed asst. super- 
visors of the telemetry engineering sec- 
tion of the division. 


Dr. William B. McLean, technical 
director of the Naval Ordnance Test Sta- 
tion, has received a $25,000 cash award 
for his role in the development of the 
Navy’s Sidewinder air-to-air missile. Dec- 
orations and citations were awarded the 
following men, who developed the first 
guided missile, the TDR-1, launched in 
wartime against the enemy: Commodore 
Oscar Smith (Ret.), Capt. Robert Jones 
(Ret.), RADM D. S. Fahrney (Ret.), LCDR 
Fred Wallace, Lt. William Bowlin, LCDR 
John Burrell, LCDR William Bailey, Capt. 
S. E. Jones, and Capt. G. E. Merrill. 

John N. Kerr, former chief of asso- 
ciated projects at Northrop Aircraft, Inc., 
has been appointed vice president of 
Horkey Associates. 











Inset shows de- 
sign ond com 
struction of 
typical AN- 
ecKk.oI1ce 
WEDGE 


Engineering Laboratory 
Anechow Chamber installation 
Pratt & Whitney Aircraft 
East Hartford, Connecticut 
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AN-ECK-OIC® Wepces 

Another AN-ECK-OIC® WEDGE installation 
Anechoic Chambers are recognized as valuable 
facilities for analyzing noise sources in auto- 
motive and aircraft engines, components, aux- 


iliary mac hines, elec tri and audio equipment. 


Recent Anechoic Chamber installations have 
been constructed for General Electric Co., Pitts- 
field, Mass., The National Bureau of Standards, 


Washington, D. C. 


In many of the Anechoic Chambers in the 
United States, AN-ECK-OIC® Wedge units 
made by THE ECKEL CORPORATION pro- 


vide the near perfect sound absorption. 


For the silencing of Engine Test Cells, Firing 
Ranges, noisy machines and equipment consider 
the use of ECKOUSTIC® Sound Control Panels 
—product of THE ECKEL CORPORATION. 


The Eckel Corporation Engineering and Instal- 
lation organization can be helpful to you in solv- 
ing your sound laboratory problems. 


THE ECKEL CORPORATION 


155 Fawcett Street 
Cambridge 38, Massachusetts 


Service Card 











BAILEY 


John T. Bailey has been named qual- 
ity control director for Bell Aircraft 
Corp.’s Weapon Systems Division; Ray- 
mond C, Sears was named director of qual- 
ity control for Aircraft Division. New as- 
signments in the Rockets Division, a unit 
of the Weapons Systems Division, are 
Floyd H. Walters, director of manufactur 
ing; R. Dewey Rinehart, director of engi- 
neering; Harry A. Ferullo, director of pro 
grams; Stephen D. Krull, director of tests 
Joseph R. Piselli, manager of customer re- 
lations and sales; Melvin J. Blessing, man- 
ager of contract administration 

Phillip Movitz, staff asst. to the di- 
vision general manager, Grand Rapids 
Division of Lear, Inc., has been pro- 
moted to quality control manager. J. C. 
Owen has been named manager of the 
advanced engineering department of the 
division. 

R. J. Sullivan has been named direc- 
tor of quality control and Conrad Hoh- 
mann, asst. chief engineer-special air- 
borne devices, for Vickers Inc. Mr. Sulli- 
van will be responsible for coordination 
of quality control at Detroit, Omaha, 
Joplin (Mo.) and Jackson (Miss.) divisions. 


SHAW 


George B. Shaw, vice president-pro- 
curement for The Martin Co., has been 
named president of Martin International, 
a new subsidiary company which will de- 
velop world markets for nuclear powered 
electrical generating systems. 

Dr. Adolph K. Thiel has been ap- 
pointed assistant program director for the 
Thor intermediate range ballistic missile 
program 
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Sketch shows typical switch and rocket 
tube application. Rocket switch controls 
various indicator, sequence and other 


e-:from the makers electrical circuits. Several models now 


di- | 






















vids in production. Send us your design re 
ro- 
. virements 
& of the leading line bat > 
e 
the 
eee | of HERMETICALLY SEALED LIMIT SWITCHES 
oh- 
air- 
slli- | 
neq -z meet modern aircraft requirements, Electro-Snap has | 
ns. ff” developed and perfected this, the first truly hermetically | 
/ sealed rocket switch. Because both the basic switch and the 
operating mechanism are sealed in an inert gas, the switch 
. is unaffected by extreme heat, or cold, humidity, water, oil 
BOMB BAY LANDING GEAR . eT . 
pooeedinae a A or temperature cycling. Tipping action of the actuator 
prevents jamming by ice. Completely environment-free, the 
dependability of the switch and its operating action have 
been thoroughly proved on today’s newest fighter aircraft. 
: 
J 
eusees aoe IMPORTANT CHARACTERISTICS 
WIT 
_— poe Contact Arrangement ................ SPDT, 1 circuit 
Electro-Snap has developed a complete line of Capacity 4 amps. resistive, 2.5 amps. inductive at 30v DC. 
he icall led limit itches to bring the - / : : 
a raced por elisa por dete to air- Electrical and Mechanical Life................150,000 operations min. 
f 1 circuits. With a record of de- ‘ ‘ ; . 
candle sentilin ee of hours, Electro- Vibration and shock resistance... veseenseeeeee cellent 
Sn H tically-Sealed Switches have been : F : : 
ro- — as poorer equipment by major aircraft Full information is available on request. Write for Data Sheet (RY-1. 
een producers—on standard and experimental air- 
nal, craft for both commercial and military use. 
de- They are also being widely used for retro-fitting, ELECTRO - Sy és; AP 
red to modernize existing control circuits for the 
more ‘exacting demands, imposed on today's SWITCH & MFG. CO. 
a aircraft. If aircraft switching is your responsi- 
he bility, you should know about this modern line 4252 West Lake Street, Chicago 24, Ilinols 
‘. of switches for modern aircraft. Write for 
- specifications. We will meet your design requirements—send us your prints 
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employment briefs 
Labor Dept. Finds 


> o 
Training Lack 

The aircraft and missile industry is 
neglecting apprentice training in a large 
majority of its major plants and is gen- 
erally falling short of its goal of meet- 
ing skilled manpower needs, according 
to the Dept. of Labor. 

Results of a recent Labor survey 
show that apprenticeship training is be- 
ing neglected entirely in 99 out of 143 
plants employing more than 400,000 
persons each. Only about one-third of 
une facilities surveyed were found to 
have some kind of junior training 
projects under way. 

Labor’s Bureau of Apprenticeship 
found that aircraft and missile firms not 
participating in apprentice programs are 
relying on short-term training, upgrad- 
ing, recruitment from other plants, and 
other haphazard methods for skilled 
workers. It noted that a few plants are 
doing excellent work in training skilled 
craftsmen, but that they are too few to 
carry the training responsibility for the 
industry. 

The Labor report states further that 
the chronic skilled-manpower shortages 
in the industry over the past few years 
point up the need for developing ade- 
quate training programs in many plants 
not presently training workers to meet 
their skilled manpower needs. 





Senior Research Scientist 
for Fundamental Studies of 
Interior Ballistics 

of solid propellant 


rocket engines 
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Full text of the Labor study, en- 
titled Training in the Aircraft Industry, 
is available free from the Publications 
Branch, Bureau of Training and Ap- 
prenticeship, Dept. of Labor, Washing- 
ton 25. 


Douglas Employes 
Get Pav Raise 


More than 7,000 salaried employes 
at the five divisions of Douglas Aircraft 
Co. were scheduled to receive a pay in- 
crease ranging from 4% to 7% effective 
January 7. Average rate of increase was 
placed at more than 5%. 

The new wage hike effects all sal- 
aried employes except those represented 
by the Southern California Professional 
Engineering Assn. Similar upward ad- 
justments are scheduled by the com- 
pany for some 3,400 represented by 
SCPEA upon approval of the pay for- 
mula by the union membership. 


a >. . 
No Seniority Loss 

j bd bd t 
In Missile Move 

Transfer of employes in Lock- 

heed Aircraft’s Missile Systems Div. 
from Van Nuys to the San Francisco 
Bay area will involve no loss in sen- 
iority. Company has signed a new wage 
agreement with Local 508, interna- 
tional Assn. of Machinists. 





Republic Launches 
ngvineering Training 


Republic Aviation Corp. _ this 
month will inaugurate a non-credit, col- 
lege-level training program to be con- 
ducted on company time for its en- 
gineering personnel. A series of 15- 
week courses taught by Republic en- 
gineers will extend from drafting room 
mathematics to stress analysis. The 
company expects enrollment eventually 


will reach 1,500. 


The new program is designed to 
ease the shortage of trained technicians 
by upgrading the qualifications of per- 
sonnel now employed, according to 
Republic president Mundy I. Peale. 
Classes begin on January 7 


Two Missile Firms 
Plan Denver Plants 


Iwo missile accessory firms, both 
subcontractors to The Martin Co. in 
its Zitan ICBM project, are planning 
facilities near Martin in 
Denver. One is Associated Missile 
Products Corp. located at Pomona, 
Calif. and the other Hallamore Elec- 
tronics Co. of Anaheim, Calif. Latter 
is a division of Siegler Corp. of Chi- 
cago, Illinois 


to open new 


Missiles will locate a 
3550 So. Inca St. and 


Associated 
field office at 


A challenging position is now open 
for a man of broad, fundamental! 
background capable of original 


experimental! and theoretical studies, 
who desires to contribute significantly 


to the nation’s missile program. 


The range of individual initiative is 


practically unlimited; the climate, 


beauty and living conditions of 
historic Sacramento completely 


satisfying. 


GENERAL PLANTS 47 47054 AND 
. TIRE PAM SACRAMENTO ALIFORNIA 


For further information regarding 
this unique opportunity, write: 
Dr. James H. Wiegand, Head 
Solid Engine Research Dept 
Aero et-Genera! Corp. 

) is 
Box 1947B3, Sacramento, Calif. 
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WESTINGHOUSE-BALTIMORE | 


Revolutionizes Radar Design! | 
PARABALLOON Acclaimed “A Major Breakthrough for Air Defense” 








The Paraballoon is a ground radar antenna that can be inflated or deflated 
like a balloon, folded and packed into air lift containers for tactical operations. 


Westinghouse engineers at the Electronics Division in Baltimore Current Openings at 
developed the Paraballoon for the Rome Air Development Center Westinghouse-Baltimore 
.and every conventional radar antenna became obsolete over  cipcyitpy ANALOG COMPUTER DESIGN 


— ! Aviation Week headlined the news with a cover story in their MICROWAVES VIBRATION 
\ctober 22nd issue ...and Life Magazine featured it on November 5th. 
The Paraballoon is a radically different type of ground radar SERVOMECHANISMS = RADAR DESIGN 
antenna. Unlike the conventional antenna which weighs over MAGNETIC AMPLIFIERS METALLURGY 
10,000 pounds, the Paraballoon weighs only 1,700 pounds. With it, DIGITALCOMPUTER _—‘ FIELD ENGINEERING 
a trained crew of 20 men can set up a complete radar station in two DESIGN & APPLICATION iwerepanen recHNiQuES 
hours. Major General Stuart P. Wright, Commander of Rome Air _ FIRE CONTROL SYSTEMS awrennas 
nates ment Center, was quoted in Aviation Week as saying that the optics TECHNICAL WRITING 
araba loon is ‘‘A major breakthrough for our air defense. COMMUNICATIONS TEST EQUIPMENT 
his is just one of many firsts for the engineers at Westinghouse- 
Baltimore. Inheritors of the Westinghouse pioneering tradition, and PACKAGING HYDRAULICS 
leaders in electronics developments, the engineers at Westinghouse- TRANSFORMERS MAGNETRON TUBE EVALUATION 
Baltimore are engaged in vital defense projects far beyond the 


~ - ~ ; “olay a TOA ly: 
state of the art.’’ Here, the engineer has unlimited opportunities ;' — PP y 
. P Send a resume of your education 
in a company where engineers are respected and rewarded for their and experience to: 
contributions. Dr. J. A. Medwin, Dept. 565 
Investigate the opportunities open to you at Westinghouse- Westinghouse Electric Corporation 
Baltimore. P. O. Box 746 * Baltimore 3, Maryland 


WESTINGHOUSE-BALTIMORE 
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Picture of a young man 


Planning a 
Successful Future! 


Success doesn’t just happen to a 
company or to an individual. Success 
comes as a result of clear thinking and 
long-range planning. 

And that is just what the young 
engineer in the picture is doing. He 
is studying the many possibilities of a 
career in guided missiles. 

The book he is reading is entitled 
"Your Future in Guided Missiles with 
Bendix”. It is one of the most complete 
guides to job opportunities in the 
guided missile field. It also contains a 





| 
_ | Name 
Prime Contractor Address 
for | City__ 
TALOS MISSILE | Siote 


BENDIX PRODUCTS DIVISION 
MISSILE SECTION 
412C, Bendix Drive, South Bend, Indiana 


Please send me a copy of the book 


detailed background of the functions 
of the various engineering groups such 
as systems analysis, guidance, tele- 
metering, steering intelligence, com- 
ponent evaluation, missile testing, 
environmental testing, test equipment 
design, reliability, propulsion and 
other important engineering 
operations. 

Here is exactly the type of informa- 
tion that every ambitious engineer 
should have if he is concerned about 
his future. A copy of this thirty-six- 
page book is available to you. Just 
fill in the coupon. It may help you plan 
your successful future. 
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expects to maintain about 60 to 65 
engineers at the new facility. It will 
be headed by William Entrickin, for- 
mer general manager of AMF’s Micro- 
Pak Division in Colorado Springs. 

Hallamore plans to open its Den- 
ver Office at 1301 W. Third Ave. later 
this month and expects to expand by 
late 1957 to a staff of between 500 
and 600 employes and payroll of about 
$300,000. 

Pentagon has clamped a top secret 
cloak on the activities of both com- 
panies in the Titan project, a positive 
indication they are both key producers 
in the vital missile program. 

+. * 7: 
Aircraft, Missiles 
ry. «¢ 2 . 
lop $3 Billion 

Air Force and Navy contract 
awards in October 1956 for aircraft, 
missiles and drones and related equip- 
ment totaled $387 million raising their 
total obligations for the first quarter of 
fiscal 1957 to $3,235,000,000. 

Of this amount, AF obligated 
$181 million in October and $2.19 bil- 
lion for the four months. Navy placed 
$206 million in orders in October and 
$1,045,000,000 for the four month 
period since July first. 

Air Force spending, meanwhile, 
totaled $613 million in October and 
$2,117,000,000 from July through Oc- 
tober whereas Navy figures were $169,- 
000,000 and $580,000,000 respective- 
ly. Total spending for both services for 
the Fiscal 1957 first quarter in aircraft 
and missile categories amounted to 
$2,697,000,000. 


Aviation I ndustry 


No. 1 Employer 


[he nation’s aircraft industry, in- 
cluding an ever-increasing activity in 
guided missile development and produc- 
tion, became the nation’s largest com- 
mercial employer in 1956, according to 
Aircraft Industries Assn. 

AIA’s year end report placed aver- 
age industry employment at 800,000, an 
estimated 50,000 above the automobile 
industry in second place. It also noted 
that aircraft and missile workers in- 
creased their hourly earnings from an 
average $2.17 in 1955 to $2.31 by Sep- 
tember 1956 with the trend still on the 
increase at the year end. 

AIA also predicted a substantial 
change in the proportioning of Defense 
aircraft and missile orders in the future. 
By 1958, it said, military aircraft and 
related equipment procurement prob- 
ably will assume a ratio of 65-to-35 in 
favor of manned aircraft over missile. 

By as early as 1961, however, AIA 
viewed the possibility this ratio may be- 
come 50-50. 
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TO ALL ENGINEERS (ELECTRICAL, MECHANICAL, AERONAUTICAL, CHEMICAL) 
METALLURGISTS, CHEMISTS, MATHEMATICIANS, PHYSICISTS. 





How did you do 

bad * ¢> Engineers and Scientists from 

] lal Many Fields Urgently Needed for 
e Rocket Work at Reaction Motors 



















This is the time to consider all the advantages and disadvantages Jagat oni 

of your present position and decide whether you should make a Now’s er 

change in °57. Once you've taken stock of 56 and your prospects tory. pn © time to in 

for °57, you will find it well worth your while to consider these it? “3 © Inve 

unsurpassed career positions. Your art to ©n do: 
Pro Tess Stock of 

Reaction Motors offers high-calibre positions to professional men | l ™Pare_ 

with or without rocket experience—no faster growing industry | “J Opportuniy 

or company in America —earn top salaries and benefits in a field a & Zo Wthorities . a leading tech 

known for its big rewards—enjoy advantages of both military fan ments © fie) 

and industrial applications. If you have worked in any one of a C7 impo Skills, give you s demang your 

large number of diverse fields, RMI can turn you into a successful rla bi ya 


rocket man — FAST. 


LOOK OVER THE BROAD RANGE OF EXPANSION-CREATED 
ASSIGNMENTS IN OUR MAIN PROJECT AREAS: 


Missiles—Piloted aircraft—Launching de- 
vices—Ground support equipment—Liquid and 


solid propellant chemistry — Nuclear rockets 


Engine design Combustion phenomena 
Project engineering Applications engineering 
Test Fluid flow 
Analog simulation Thermostress and vibration 
Chemical kinetics Servo mechanisms 
Instrumentation High temperature alloys 
Aerodynamics Nuclear applications 
Data reduction Technical planning 
Controls (hydraulic, (advanced design) 
pneumatic, electrical) Proposals 


To find out just where YOUR present skills fit 
in with the growing RMI picture, drop us a note 
or card. (Include address and phone number.) 
For immediate action, ask for an application form, 


or send complete resume to Supervisor of Technical Personnel 


, | | . 
CBver Sor LO Lrogress 


razivig REACTION MOTORS, INC. 


re 
e ft 
A MEMBER OF THE OMAR TEAM 
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| ENGINEERS... 
» 


ELECTRON 


become one of the first 
staff members of RCA’s new 
ENGINEERING OPERATION 
at WH/TE SANDS 
Proving Ground. 


e 


The very nerve center 
of missile electronics / 


RCA is new to White Sands! 
Qualified electronic engineers can now 
begin a career in a responsible position where 
the atmosphere crackles with the stimulation 
of far frontiers in missile electronics. 

Specific RCA assignments are in missile 
electronics, ground support systems, missile 
guidance and complex launching systems. 

You must, of course have your EE, ME or 
physics degree, several years’ electronic 
design experience . . . and must be 
familiar with one of these fields: 


Internal instrumentation 
Equipment control 
Data analysis 


System and sub-system analysis 
Reliability data control 


Evaluation of 
new components 


Projects will relate to sub-systems such as: 
PRECISION RADARS DATA PROCESSING EQUIPMENT 


DIGITAL DEVICES FIRE CONTROL 
ANALOG DEVICES DATA SIMULATION 


Start at an excellent salary... A full program of 
liberal benefits gives your income added security. 
RCA’s Tuition Refund Plan wifl provide for 
advanced studies. RCA pays relocation expenses. 


ARRANGE CONFIDENTIAL INTERVIEW 
WITH ENGINEERING MANAGEMENT 


Send complete resume to: 

Mr. John R. Weld 

Employment Manager, Dept. V- 13A 
Radio Corporation of America 
Camden 2, N. J. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRON/C PRODUCTS 





J 
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| West Coast Stresses 
Engineer Shortage 


Los Angeles Council of Engineer- 
ing Societies, acting jointly with the 
Technical Societies Council and Consult- 
ing Engineers Assn. have set aside Feb- 
ruary 18-22 as Engineering Week in Los 
Angeles. Its dual purpose will be to focus 
public attention on the growing shortage 
of engineers and their importance to 
the well-being and security of the nation, 

General chairman of the activity 
will be J. Calvin Brown, a past national 
president of the American Society of 
Mechanical Engineers. Guest speaker at 
a banquet February 21 at the Statler 
Hotel will be Donald W. Douglas, pres- 
ident of Douglas Aircraft Co. Douglas 
also will be presented an award in recog- 
nition of his contributions to engineer- 
ing and the Southern California aircraft 
industry. 


Aerojet to" Expand 
Plastics Activity 


Aerojet-General Corp. has an- 
nounced plans for major expansion of 
its structural plastics group within its 

| Solid Engine Division. The program 
calls for new buildings and equipment 
to facilitate plastics research, develop- 
' ment and manufacturing. 

Main areas of activity for the group, 
headed by E. L. Rucks, will be in the 
fields of pressure vessels, thermal insu- 
lation and missile/rocket components. 


* 

Minn-Honeywell 
% T * . . 

Forms} New Division 

Minneapolis-Honeywell Regulator 
Co. is combining the operations of its 
Doelcam Division and Transistor Di- 
vision into a single organization iden- 
tified as the Boston Division. 

The new M-H unit will have two 
semiconductor products and 


under division v.p. and 
George J. Schwartz. 


sections 
instruments 
general mgr 


Employment Up in 
San}Diego Are: 
2 


Employment by San Diego's four 
| major aircraft and missile manufactur- 
ers or subcontractors totaled 50,898 on 
December 15 marking an increase of 
1,550 over November 20. 

Convair reported 35,022; Rohr Air- 

| craft Co. 7,148; Ryan Aeronautical 

5,928 and Solar Aircraft 2,800. Convair 

| employment increased 1,356 in the pre- 
ceding two-week period. 


missiles and rockets 











